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L — Thb  Life  and  Work  of  Linnarsson. 

(With  a  PoExaAir.) 

By  Chables  Lapwobth,  F.G.S.  ; 
Professor  of  Geology,  Mason  Science  College,  Birmingham. 

ON  the  19th  of  last  September  there  passed  away  from  among 
us  one  of  the  most  original  and  successful  of  the  geologists  of 
the  century — Dr.  Gustaf  Linnarsson,  the  eminent  palaBontologist  of 
the  Geological  Survey  of  Sweden.  His  death  was  so  sudden  and  so 
Qoexpected  that  his  sorrowing  friends  have  as  yet  hardly  recovered 
from  their  grief  and  astonishment  at  the  blow,  and  are  not  fully 
awakened  to  the  magnitude  of  their  loss. 

The  geologists  and  palssontologists  of  Sweden  have  long  stood 
pre-eminent  in  Europe  for  their  enthusiasm,  their  perseverance,  and 
their  extraordinary  success.  The  land  of  Linnaeus  has  been  fruit- 
ful of  first-rate  scientists.  The  works  of  Dalmann,  Wahlenberg, 
Hisinger,  and  Angelin  have  made  the  Lower  Palaeozoic  rocks  and 
fossils  of  Sweden  classic  to  the  geological  student.  The  present 
Swedish  school,  which  includes  within  its  bounds  such  men  as 
Kordenskidld,  Lindstrom,  Lundgven,  Torell,  and  Nathorst,  stands 
second  to  none  in  brilliance  of  scientific  talent,  in  boldness  and 
originality  of  method,  and  in  the  magnitude  of  the  results  it  has 
achieved.  The  wide  ocean  of  dreamy  speculation,  in  whose 
nebulous  ever-receding  shores  the  more  imaginative  scientists  of 
the  South  believe  that  they  discern  the  outlines  of  undiscovered  all- 
embracing  philosophies,  has  no  attraction  for  these  Northerners. 
Tiiey  have  little  respect  for  the  poetry  of  the  science.  They  are 
coasters  along  the  shores  of  Geology,  never  out  of  sight  of  land. 
But  every  fresh  point  sighted  is  made  the  stepping-stone  to  a  fresh 
c«^nquest  No  Oolumbus  appears  among  them  to  point  the  way  to  a 
iiew  world  ;  but  on  the  solid  ground  of  patient  accumulation  of  data, 
and  rigid  inference  therefrom,  they  are  irrepressible  and  irresistible. 
Tlie  distinct  individuality  of  mind  and  sturdy  independence  of  thought 
exhibited  by  these  northern  scientists  is  in  marked  contrast  with  the 
half-hearted  gregarious  habit  of  opinion  so  frequent  amongst  us. 
Each  investigator  carves  out  his  own  path,  uses  his  own  eyes,  tests 
his  own  results,  and  publishes  his  own  conclusions,  openly  and 
fearlessly  ;  confident  in  the  assurance  that  no  scientific  party  exists 
^  the  country  sufficiently  prejudiced  to  take  offence,  or  sufficiently 
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powerful  to  cru^h.liita.  But  although  every  single  individual  among 
them  seems  to-'bti-i.vorkiug  for  himself  alone,  yet  in  actual  effect  and 
reality,  they  ia*e.  all  moving  forward  in  the  same  direction.  They 
form  together'ari  army  of  pioneers,  which  is  opening  out  new  paths 
for  the  sn}vdude  of  scientific  discovery,  with  a  rapidity  of  concentrated 
effect  that.ik  delightful  to  contemplate. 

Aispng  these  pioneers  we  now  and  again  see  one  whose  ardent 

enthusiasm,  restless  activity,  clearness  of  intellect,  and  dominant  force 

o^'-Qiincl  make  him  a  giant  among  his  fellows.     Such  a  one  was 

.?^!flixiarsson.     In  breadth  of  scientific  attainments,  in  ability  for  con- 

'ttn'ned  and  intense  labour,  and  in  the  magnitude  of  the  results  he 

*>'*  achieved,  Linnarsson  stood  head  and  shoulders  above  all  his  con- 

.  '.temporaries.    .To  one  who  had  accomplished  so  much,  it  seemed  to 

*.    the  lookers-on  that  everything  was  possible.     It  was  felt  that  all 

obstacles  vanished  at  his  touch.     The  difficult  became   easy,  the 

obscure  became  clear,  and  the   complex  became   simplicity  itselfl 

And  all  this  was  performed  with  such  rapidity,  and  with  such  quiet 

ease,  that  few  knew  at  what  a  dreadful  cost  of  wear  and  tear  of 

body  and  mind  it  was  accomplished.     When  at  last  the  worn-out 

frame  gave   way,   and  the  glowing  flame  of  intellect  went  out 

suddenly  in  darkness  and  death,  the  consternation  and  sorrow  were 

hearty  and  universal. 

Jonas  Gustaf  Oskar  Linnarsson  was  bom  on  the  24th  November, 
1841.  He  was  the  son  of  the  late  "  contract-provost "  of  the  town  of 
Faldkoping,  in  Westrogothia,  and  his  wife  A.  C.  Salander,  who  still 
survives.  Like  the  majority  of  geniuses  doomed  to  an  early  death, 
Linnarsson,  even  in  his  extreme  youth,  displayed  abilities  far  beyond 
his  fellows.  Entering  the  seminary  of  Skara  in  the  year  1850,  be 
gained  the  highest  certificate  of  competency  granted  by  his  teachers, 
before  he  was  fifteen  years  of  age.  In  1857  he  became  a  student  in 
the  ancient  University  of  Upsala.  In  1866  he  passed  the  usual 
"  Candidate-Examination,"  and  in  May  of  the  same  year  handed  in 
a  thesis  on  the  **  Silurian  Formations  in  Central  Westrogothia,"  and 
received  his  degree  as  Doctor  of  Philosophy.  Having  been  awarded 
the  Sederholmsk  scholarship,  he  spent  the  summer  of  that  year  in 
geological  researches  in  Westrogothia.  These  investigations  he 
continued  in  the  following  year,  his  expenses  being  defrayed  by  a 
special  grant  from  the  Swedish  Academy  of  Sciences.  In  1868  he 
attended  the  Congress  of  Naturalists  at  Christiania,  and  subsequently 
made  a  careful  study  of  the  classic  geological  sections  of  the  Lower 
Palaeozoic  rocks  in  the  neighbourhood  of  that  city.  In  1869  he  was 
commissioned  by  the  Academy  of  Sciences  to  make  a  special 
scientific  investigation  of  the  Eophyton  sandstone  of  Westrogothia.^ 
During  the  same  year  he  lectured  upon  geology  and  mineralogy  in 
the  University  of  Upsala,  in  the  absence  of  the  ordinary  professor 
of  these  subjects.  At  that  date,  also,  he  was  offered  the  post  of 
Palaeontologist  to  the  Swedish  Geological  Survey.  This  he  accepted, 
fulfilling  the  duties  with  brilliant  success  until  his  untimely  death. 
Aided  by  a  special  grant  of  national  money,  he  made  a  scientific  tour 
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in  1869  through  the  prolific  Lower  Palaeozoic  regions  of  Bohemia 
and  the  Baltic  Provinces.  In  1872  and  1873  he  acted  as  Professor  of 
Geology  and  Mineralogy  in  his  mother  University  of  Upsala.  In 
1873  also  he  visited  the  Congress  of  Naturalists  at  Copenhagen.  In 
1875  he  was  promoted  to  the  dignity  of  Geologist  upon  the  Govern- 
ment Survey,  and  in  this  capacity  he  devoted  all  his  energies  for  the 
last  six  years  to  the  investigation  of  the  stratigraphy  of  the  Lower 
Palaoozoic  Succession  in  Scania,  SmSland,  Westrogothia,  Ostrogothia, 
Delame,  Jemtland,  as  well  as  that  of  the  islands  of  Gothland  and 

Olandy  and  of  various  portions  of  Norway.  He  was  a  member  of  the 
Geological  Society  of  Stockholm,  and  filled  the  office  of  Assistant- 
Secretary  during  the  years  1872  and  1876.  He  was  made  Secretary 
in  1877,  and  held  the  post  until  the  3rd  of  February,  1881,  when  he 
voluntarily  relinquished  it  He  died  at  Skofde,  Westrogothia,  on 
the  19th  of  September,  1881. 

Linnarsson's  bodily  constitution  appears  to  have  been  but  a  weak 
one  at  the  best ;   and  for  several  years  before  his  death  he  was  a 
victim  to  the  wasting  disease  of  the  lungs  which  finally  caused  his 
death.     His  sufferings  were  borne  throughout  with  manly  resigna- 
tion and   uncomplaining  fortitude.     Year  by   year,   as   the   short 
Swedish    summer   came  round,   and    the   sunny   season   promised 
delightful  days  to  the  geologist  in  the  field,  a  fresh  attack  of  the 
old  complaint  tore  him  away  from  the  work  he  loved,  to  stagnate  in 
painful  inaction  in  various  sanatoria.     But  even  there  his  cheerful 
hopefulness  never  seems  to  have  deserted  him.     Some  of  the  most 
kindly  and  delightful  letters  I  ever  received  from  him  are  dated  from 
the  Sanatorium  of  Gausdal  in  the  Norwegian  Highlands.     In  truth, 
his  intense  scientific  ardour  gave  his  body  but  little  real  rest.     His 
mind  and  pen  were  never  idle,  and  at  the  least  sign  of  renewed 
health  he  hurried  to  the  field  to  his  duties  again.     Absorbed  in  the 
keen  delights  of  his  original  research,  rewarded,  as  it  always  was, 
with  almost  instant  and  brilliant  discovery,  Linuarsson  seems  never 
to  have  adequately  realized  the  deadly  nature  of  his  disease.     His 
enthusiastic  mind  overbore  and  overtasked  the  weakly  frame,  and  in 
the  keen  ardour  of   the  scientific  chase,  the  proper  precautions  for 
the  bodily  rest  and  refreshment  seem  to  have  been  often  overlooked 
and  forgotten.     When  we  recollect  the  disheartening  and  prostrating 
effects  of  these  repeated  attacks  of  illness,  at  the  only  period  of  the 
year    when    field-work    was    possible,  the    remarkable   scientific 
successes  he  achieved  during  the  last  ten  years,  and  the  vast  amount 
of  intellectual  labour  he  must  have  accomplished,  appear  little  short 
of  miraculous.     In  August  of  the  present  year  he  was  compelled  to 
pay  his  usual  visit  to  the  sanatorium  at  Gausdal.      Feeling,  as  he 
imagined,  greatly  improved  in  health,  he  ventured  to  return,  on  the 
1st  of  September,  to  the  scene  of  his  geological  labours  in  Ostro- 
gothia.     Here,  the  weakly  invalid,  intent  upon  his  loved  pursuit, 
forgot,  as  usual,  the  deadly  risks  he  ran.     After  exhausting  himaelf 
in  field-work  during  the  day,  he  was  forced  to  rough  it  at  night  iu  a 
miserable  country  inn,  during  the  height  of  the  rainy  season.     Tlie 
result  was  inevitable.     The  old  complaint  returnoA  wilYi  l^iaivA^ 
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intensity,  and  he  was  driven  to  the  shelter  of  his  brother's  home  at 
Skofde.  It  is  doubtful  if  he  had  any  presentiment  of  the  fatal 
nature  of  this  last  attack ;  for  a  week  before  his  death  he  writes  to 
his  old  friends  and  companions  on  the  Survey  in  Stockholm  as 
bright  and  hopefully  as  ever.  Then  all  is  silence ;  and  the  news  of 
his  death  burst  like  a  thunderclap  upon  the  ears  of  the  many  who 
knew  hira  and  loved  him. 

In  the  death  of  Linnarsson  both  Oeology  and  Palseonf  ology  suffer 
a  gigantic,  and  indeed  an  almost  irreparable  loss.  In  his  familiariiy 
with  the  order  of  succession,  and  the  characteristic  fossils  of  the 
Lower  Paleeozoic  formations  of  Sweden,  he  stood  far  above  all  his 
contemporaries.  We  shall  best  understand  the  order  and  magnitude 
of  his  labours,  if  we  regard  him  as  what  he  really  was,  namely,  the 
natural  successor  of  Angelin.  Like  Angelin,  his  first  pidsBontological 
work  was  performed  among  the  Trilobita ;  and,  like  Angelin  also,  he 
founded  the  proposed  stratigraphical  divisions  of  the  strata  be 
studied,  essentially  upon  palsBontological  considerations.  But 
Angelinas  Geological  work  sinks  almost  into  insignificance  when 
placed  side  by  side  with  that  of  Linnarsson.  Angelin  was  a  devoted 
student  of  palaeontology,  and  the  oollections  of  fossils  at  his  disposed 
were  so  rich  that  their  studv  absorbed  the  whole  of  his  time,  and  he 
had  but  little  leisure  to  devote  to  the  examination  of  the  various 
horizons  of  his  fossils.  Hence,  vast  as  was  his  knowledge  of  the  fossil 
forms  of  Sweden,  he  distinctly  failed  in  developing  a  reliable  general 
classification  of  the  strata  containing  them.  '*  It  was  reserved  for 
Linnarsson  to  unravel  the  entire  Lower  Palaeozoic  succession  of 
Southern  Sweden  "  from  the  basal  beds  of  the  Cambrian  to  the  unplaced 
sandstones  at  the  summit  of  the  Silurian,  '*and  to  magnificently 
extend,  develope  and  correct  what  had  already  been  worked  out  by 
Angelin  himself."  Angelinas  classification  of  the  transition  strata 
was  a  mere  outline,  founded  upon  the  local  characteristics  of  the 
successive  formations  as  shown  by  their  Trilobitic  faunas ;  and  con- 
sisted of  the  following  Begions  in  supposed  descending  order : — 


4.  B.C.  Regio  Ceratopygarnm. 

3.  B.         ,,     CoDOCorypharum. 

2.  A.  ,,      Olenorum. 

1.  ,,     Fucoidarom. 


8.  E.      Rcgio  Cryptonomyorum. 
7.  D.£.     ,,      HEurpanim. 
6.  D.        ,,      Trinucleonim. 
5.  C.         ,,      ABaphorum. 

Region  1  included  the  basal  non-fossiliferous  strata  of  Sweden ; 
regions  2  and  3  embraced  the  equivalents  of  the  Primordial  zone  of 
Barrande;  regions  4,  6,  and  6  belonged  to  Murchison's  Lower 
Silurian  system ;  and  regions  7  and  8  represented  his  Upper  Silurian. 

At  Angelin's  death,  geologists  had  but  a  vague  idea  even  of  the 
broader  features  and  probable  limits  of  these  palaeontological  regions ; 
nor  was  their  author  himself  by  any  means  certain  of  the  position 
of  some  of  them  in  the  order  of  succession.  At  the  present  day, 
however,  it  may  be  asserted  with  truth,  that  the  Lower  Palaeozoic 
succession  in  Sweden  is  better  known  to  geologists  in  Europe  than 
that  of  Wales  itself.  The  grander  formations  which  compose  it 
have  all  been  recognized  and  named ;  while  a  host  of  subordinate 
zones  and  horizons  have  been  discovered.     By  all  earnest  students 
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of  PalflBOzoio  geology  the  Swedish  sequence  is  regarded  as  the  most 
reliable  and  authoritative  standard  of  reference  yet  defined.  And  tliis 
magnificent  result  we  owe  almost  wholly  to  Linnarsson's  personal 
labours,  and  to  the  influence  of  his  example  upon  his  fellow-workers. 

Linnaravon  was  one  of  those  rare  geologists  who  have  learnt  that 
in  developing  the  true  succession  in  any  region,  stratigraphy  and 
palsontology  must  work  together  hand  in  hand.  We  see  the 
guiding  thread  of  this  conviction  running  through  all  his  researches, 
and  it  is  to  this,  I  believe,  we  owe  it  that  he  accomplished  so  much, 
and  performed  it  so  perfectly.  The  difficulties  he  had  to  encounter 
were  altogether  distinct  from  those  which  beset  the  student  of  the 
fossiliferous  Lower  Palaaozoic  rocks  of  Britain.  In  Southern  Sweden 
the  strata  are  of  such  remarkable  tenuity  that  the  fossils  peculiar 
to  several  subformations  in  the  vertical  series  lie  in  close  proximity ; 
and  unless  ooUected  inch  by  inch,  in  sitti,  are  certain  to  become 
intermixed  in  the  collection.  The  floor  of  the  country  is  so  buried 
up  from  sight  by  the  universal  mantle  of  drift,  that  exposures  of 
strata  are  few  and  far  between ;  and  it  is  impossible  to  trace  any 
of  the  beds  from  point  to  point  over  the  ground.  In  such  a  region 
no  one  could  hope  for  success  but  he  who  possessed  an  eye  trained 
to  recognize  the  most  minute  distinctions  in  petrological  and  palaaon- 
tological  characters  in  the  field,  a  memory  gifted  to  retain  them, 
a  power  of  generalization  sufficient  to  group  them  at  ouce  in  their 
natural  relationships,  a  faith  in  his  own  judgment  enough  to  follow 
the  conclusions  they  indicated  to  their  widest  issues,  and  above  all 
an  intense  delight  in  the  labour  itself.  Linnarsson,  pre-eminent 
among  his  contemporaries,  seems  to  have  possessed  all  these  qualifi- 
cations, and  his  success  was  proportionably  great. 

Linnarsson's  geological  career  falls  very  naturally  into  three  very 
distinct  periods.  In  the  first  of  these,  186G  to  lb70,  he  employed 
himself  in  working  out  the  geology  of  the  district  of  Westrogothia, 
and  in  establishing  on  both  stratigraphical  and  pals&ontological 
grounds  a  detailed  scheme  of  its  Lower  Palaeozoic  succession.  The 
Second  period,  1870  to  1876,  he  spent  in  rigidly  testing  and  develop- 
ing this  scheme,  and  in  making  it  available  for  the  entire  mainland 
of  Scandinavia,   by  frequent  and  extended  tours  to  other  Lower 

Palaeozoic  areas,  at  home  in  Dalarne,  Jemtland,  Scania,  and  Olaud, 
and  abroad  in  Denmark,  Germany,  Bohemia,  and  the  Baltic  Provinces 
of  Russia.     The  third  period,  1876  to  1881,  he  occupied  in  field- 
work  on  the  Geological  Survey,  in  palseontological  research,  and  in 
working  out  the  subordinate  zones  of  his  original  geological  scheme. 
The  first  scene  of  Linnarsson's  geological  labours  was  his  native 
region  of  Westrogothia.     The  rocks  and  fossils  of  this  region  had 
been  already  made  known  to  geologists  in  the  works  of  Linnaeus, 
Wahlenberg,  Dalmann,  Hisinger,  and  Angelin ;  but  it  was  reserved  for 
Linnarsson  to  detect  the  true  order  of  succession  amongst  them,  and 
to  make  them  the  accepted  prototypes  of  all  the  corresponding  forma- 
tions of  his  native  land.     Linnarsson  commenced  the  study  of  the 
Lower  Palaeozoic  strata  of  this  district  immediately  after  his  candi- 
date-examination in  1866.     His  first  geological  paper — ^''Oti  \\ia 
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Silurian  Formations  of  Westrogothia '* — was  published  in  the  same 
year,  and  is  the  first  of  a  series,  which  was  destined  to  make  this 
special  region  classic  in  the  history  of  geological  discovery.  His 
second  paper — entitled  "Contributions  to  the  Geology  of  Westro- 
gothia/'— although  a  mere  provisional  sketch,  was  a  most  remarkable 
contribution  to  the  scientific  literature  of  the  country.  It  placed 
for  the  first  time  the  Lower  Palaeozoic  succession  of  rocks  and  fossils 
in  this  region  upon  a  reliable  basis,  and  demonstrated  the  insufficiency 
of  Angelinas  classification  of  the  Swedish  Transitional  strata.  In  this 
paper  Linuarsson  made  known  the  presence  of  several  formations 
in  Westrogothia  that  had  remained  undefined  by  previous  inves- 
tigators, and  proposed  the  following  scheme  of  nomenclature  of  the 
rocks  of  the  region,  a  scheme  which  in  its  broader  outlines  remains 
substantially  unmodified  to  the  present  day. 

9.  Upper  Graptolite  Beds 

8.  Brachiopod  Shales  =■  Angelinas  Re^o  Harpanira. 

7.  Trinueleus  Shales  =  „  Kegio  Trinucleorum. 

6.  Bcyrichia  Limestone 

5.  Orthoceras  Limestone  =  „  Regio  Asaphorum. 

4.  Lower  Graptolite  Shales 

3.  Ceratopyge  Limestone  =  „  Regio  Ceratopygarum. 

2.  Olenus  Shales  =  ,,  Rli.  Olenorum' (and  Conocoryphamm}. 

1 .  Fucoid  Sandstone  =  „  Regio  Fucoidarum. 

Of  these  divisions,  No.  2,  or  Alum  Shales,  answers  to  Angelinas 
Begio  Olenorum  and  Kegio  Conocorypharum.  Angelin  had  placed 
the  latter  of  these  divisions  above  the  former,  solely  upon  the  ground 
that  in  the  more  typical  localities  it  was  most  prolific  in  fossils. 
Linnarsson  showed  that  Angelin  had  inverted  the  true  order  of  suc- 
cession, for  in  Westrogothia  the  Regio  Conocorypharum  actually  lay 
helow  the  beds  belonging  to  the  Kegio  Olenorum.  He  made  known 
also  the  presence  of  actual  fossils  (other  than  so-called  fucoids)  in  the 
basal  sandstones  of  the  district.  The  two  new  formations  of  Upper  and 
Lower  Graptolite  schists  added  by  him  to  the  Swedish  sequence  were 
destined  to  be  of  prime  importance  in  the  development  of  the  geology 
of  other  areas. 

After  a  careful  comparison  of  these  results  with  the  phenomena 
presented  by  the  corresponding  Lower  Palaeozoic  formations  of  the 
neighbourhood  of  Christiania,  Linnarsson  next  published  what  is 
unquestionably  his  most  ambitious  and  successful  work — his  memoir 
on  "  The  Cambrian  and  Silurian  Succession  in  Westrogothia."  In 
this  work  the  evidences  for  the  conclusions  advanced  in  his  last- 
mentioned  paper  are  given  in  full,  and  are  fortified  by  an  array  of 
confirmatoi-y  evidences  from  other  sources.  Especial  care  is  devoted 
to  the  description  of  the  Primordial  Beds  or  Alum  Shales,  which 
are  divided  by  the  author  into  five  zones,  viz. ; 

6.  Beds  with  Peltura  acarabfoidea. 

4.  „        Olenus  iatus  and  0.  gibhoaut, 

3.  „        Agnoatua  l<cf>igatua» 

2.  ,,        Paradoiidfa  Forchammeri, 

1.  ,,         Faraduxidea  Teaaini. 

Zones  1,  2,  3,  answer  to  Angelin's  Kegio  Conocorypharum,  and 
zones  4  and  5  to  his  Kegio  Olenorum. 
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In  this  memoir  we  see  Linnarsson  perhaps  at  his  best.     The 
mode  of  presentation  of  the  subjeot-matter  is  simplioity  itself.    The 
first  division  of  the  work  is  a  minutely-detailed  aooount  of  the  ^ne- 
nl  petrological  and  palceontologioal  features  of  the  nine  distinct 
Lower  Palsoozoio  formations  recognized  by  the  author  iu  Westro- 
gothia,  together  with  a  sketch   ot   their  distribution  in  the  Scan- 
dinavian areas,  interspersed  with  remarks  upon  their  probable  extra- 
Swedish  equivalents.    In  the  second  part  of  the  paper  the  reader 
hBB  laid  before  him  a  careful  and  highly  detailed  description  of  the 
most  important  sections  in  Westrogothia,     The  third  part  is  essen- 
tially paiseontological,  but  it  is  especially  remarkable,  in  a  geological 
point  of  view,  from  the  fact  that  it  includes  a  most  elaborate  table  of 
all  the  known   forms  of  Swedish  Trilobita,  every  species  being 
assigned,  for  the  first  time,  to  its  proper  place  in  the  vertical  series 
of  formations. 

{To  be  continued,) 
n. — ^NOTCB      ON     THB    YeBTEBRATA     OF     THE     PbE-GlACIAL    FoBEST 

Bed  Sebies  of  the  East  of  England. 

By  E.  T.  Nbwtox,  F.G.S. 

(Published  by  permission  of  the  Director-General  of  the  Geological  Surrey.) 

PART  VI.— A\TES,  REPTILIA,  AND  AMPHIBIA. 

Ayes. 

REMAINS  of  birds  from  the  ** Forest  Bed"  were  known  to  Mr, 
Green  in  184:2  (History  of  Bacton),  and  they  are  mentioned 
by  Mr.  A.  Bell  (Geologists'  Assoc.  1871),  in  his  list  of  "Forest 
Bed  '*  Vertebrata,  as  bones  of  indeterminable  species.  These  appear 
to  be  the  only  published  instances  in  which  Avian  bones  from  these 
deposits  are  referred  to,  and  hitherto  no  closer  determination  has 
been  made.  This  is  not  very  surprising,  for  the  bird  bones  which 
bave  been  found,  although  in  some  numbers,  are  either  in  a  frag- 
mentary condition  or  else  they  are  not  characteristic  parts  of  the 
skeleton.  Portions  of  vertebras,  scapulae,  coraooids,  and  limb-bones 
probably  indicate  the  existence,  at  that  time,  of  at  least  half  a 
dozen  different  forms;  but  at  present  only  two  genera  have  been 
identified,  and  one  of  these  is  very  doubtful. 

A  portion  of  a  large  metacarpal  bone,  which  agrees  in  size,  form, 
and  markings  with  the  corresponding  part  of  a  goose's  wing,  is 
referred  to  the  genus  Anser,  The  specimen  was  obtained  by  Mr. 
A.  Savin  from  the  estuarine  ''Forest  Bed"  at  £.  Runton,  and  is 
preserved  in  his  collection  at  Cromer.  There  is  another  metacarpal 
bone,  nearly  perfect,  and  agreeing  in  size  with  that  bone  in  the  wing 
of  the  Herring  Gull ;  but  in  its  form  and  structure  it  agrees  better 
with  the  duck,  and  as  we  have  also  a  portion  of  a  coracoid  likewise 
resembling  that  of  the  duck,  it  seems  best  to  refer  them  provision- 
ally to  the  genus  Anas  f  Both  these  specimens  are  fi'om  the  Fresh- 
water Bed  at  W.  Runton,  and  are  in  the  possession  of  Mr.  A.  Savin. 

Of  the  indeterminable  specimens,  the  greater  number  belong  to 
Ur.  A.  Savin,  and  some  are  iu  the  Museum  of  Practical  Geology. 
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Bepttlia. 

No  reptilian  remains  have  hitherto  been  recorded  from  the 
"  Forest  Bed  Series."  Mr.  Oreen  speaks  of  the  bones  and  teeth  of 
**  Sauria  " ;  but  the  specimens  upon  which  this  determination  rested 
were  subsequently  shown  by  Prof.  Owen  to  be  parts  of  the  common 
Mole  {vide  Brit  Foss.  Mams.  pp.  22-24).  We  are  now,  however, 
in  a  position  to  cite  two  distinct  forms  from  these  Beds. 

Among  some  small  bones  which  Mr.  E.  T.  Dowson  was  kind 
enough  to  send  me  for  examination,  were  two  vertebras,  almost 
perfect,  in  which  the  zygantrum  and  zygosphene  were  distinct  and 
perfectly  preserved,  and  consequently  there  was  no  question  as  to 
their  being  Ophidian,  and  a  careful  comparison  with  a  skeleton  of 
the  common  snake  in  the  Koyal  Coll.  Surgeons  showed  that  they 
perfectly  agreed,  the  one  with  a  middle,  and  the  other  with  a  late 
dorsal  vertebra.  These  two  vertebras  are  therefore  referred  to  the 
common  snake,  Tropidonoim  natrix,  Linn.  They  were  obtained 
from  the  Freshwater  Bed  at  W.  liunton.  Two  other  vertebrae, 
belonging  apparently  to  the  same  species,  are  to  be  seen  in  the 
Museum  of  Owen's  College,  Manchester,  and  are  labelled  as  from 
the  "  Forest  Bed  "  at  Bacton. 

Another  Ophidian  vertebra,  somewhat  broken,  but  with  zygantrum 
and  zygosphene  preserved,  was  obtained  by  Mr.  Clement  Held,  from 
the  Freshwater  Bed  at  West  Runton.  This  vertebra  is  little  more  than 
half  the  size  of  the  smaller  of  Mr.  Dowson*s  two  specimens ;  it  is 
more  depressed,  has  a  less  elevated  neural  spine,  and  the  cupped  end 
of  the  centrum  is  slightly  oval.  In  fact,  it  differs  from  the  above- 
mentioned  specimens  in  precisely  the  same  manner  that  the  vertebras 
of  the  viper  differ  from  those  of  the  common  snake.  It  agrees  with 
one  of  the  late  dorsal  or  abdominal  vertebras  of  the  viper,  and  is 
referred  to  that  species,  Pelias  Berua,  Linn. 

Amphibia. 

No  Amphibian  remains  have  hitherto  been  noticed  among  the 
**  Forest  Bed  "  vertebrata,  but  with  the  bones  brought  together  by  the 
indefatigable  zeal  of  Mr.  Clement  Reid  and  Mr.  Savin,  there  are  a 
number  which  are  referable  to  this  group,  and  some  of  them  are 
of  such  a  character  as  to  permit  of  their  specific  determination. 
These  remains  clearly  belong  to  the  three  genera,  Rana,  Bufo,  and 
Triton,  and  were  all  found  in  the  Freshwater  Bed  at  W.  Runton. 

Two  humeri  having  strongly  developed  condylar  ridges,  directed 
backwards  and  reaching  far  up  the  shaft,  agree  closely  with  the 
humeri  of  the  male  Rana  iemporaria,  and  differ  from  those  of  the 
R,  €8culenta,  which  has  these  ridges  much  shorter,  less  developed,  and 
directed  laterally.  The  Rana  alpina,  in  Hyrtle's  series  of  Amphibian 
Skeletons,  in  the  Royal  College  of  Surgeons,  has  a  development  of 
these  ridges  similar  to  those  in  the  R.  iemporaria  ;  but  on  the  whole 
it  seems  most  probable  that  these  fossils  belong  to  the  common 
English  species,  and  with  some  little  doubt  they  are  referred  to  R. 
iemporaria  f 

Other  humeri  have  the  characters  of  these  bones  as  found  in  Rana 
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nadeiUa^  and  are  believed  to  have  belonged  to  that  species,  but  the 
eTidenoe  is  not  suoh  as  to  make  one  absolutely  certain,  and  therefore 
a  note  of  interrogation  should  be  placed  after  the  species,  Uana 
aevUntaf 

The  iliao  bones  of  the  toad  present  certain  peculiarities  which 
distinguish  them  from  those  of  the  frog — for  example,  the  upper 
edge  is  rounded  in  place  of  being  sharply  keeled ;  and  there  is  in  the 
toad's  ilium,  an  oblique  groove  just  in  front  of  the  tubercle  found 
above  the  acetabulum,  and  this  groove  is  not  seen  in  the  frog.  Two 
or  three  portions  of  iliac  bones  which  present  these  peculiarities  of 
the  toad  are  in  consequence  referred  to  this  genus,  and  Bufo  must 
therefore  be  added  to  our  list.  In  all  probability  these  bones  belong 
to  the  common  toad,  but  there  is  not  sufficient  evidence  to  justify  the 
insertion  of  the  species. 

A  single  femur,  but  this,  fortunately,  quite  perfect,  enables  us  to 
add  Triton  cristaius  to  the  **  Forest  Bed  "  list  A  comparison  of  the 
femurs  of  our  two  common  species  of  urodele  Amphibia,  Triton 
eriBtalus  and  Lissotriton  punctata j  shows  that  they  are  dissimilar  in 
form.  This  difference  is  well  marked,  and  may  be  summed  up  by 
laying  that  in  the  T,  cristatw  the  shaft  is  more  slender  and  enlarges 
more  suddenly  at  the  distal  extremity,  than  in  the  Linsolriton 
punctata.  The  fossil  agrees  with  the  former,  and  is  therefore 
referred  to  the  Triton  cristatuSf  Laur. 

List  of  Ave9,  Rbptilia,  and  Amphibia  of  tue  **  Forest  Bed  Series." 
(Those  marked  with  an  asterisk  *  arc  new  to  the  **  Forest  Bed  Series.'*) 


^Ansfr  sp. 
*Aniis  ? 
Bird  bones  undetermined. 
^Tropidotiotus  natriXf  Linn, 
*Feli(t8  BeruM,  Linn. 


^Ratia  temporaria  f  Linn. 

* eseuiefttaf  Linn. 

*Jiufo,  sp. 

*  Triton  cristaCua,  Laur. 


III. — Traces  op  a  Gbeat  Post-Glaoial  Flood. 

L  The  Evidbnoe  of  the  Loess. 

By  H.  H.  HowoRTH,  F.S.A. 

IN  some  papers  which  I  have  been  allowed  to  print  in  the  Geo- 
logical Magazine  I  have  drawn  the  general  conclusion  that 
the  Mammoth  and  his  companions  were  finally  overwhelmed  by  a 
great  diluvial  catastrophe.  This  conclusion  I  have  based  chiefly 
OQ  other  than  stratigrapbical  evidence.  If  it  be  a  reasonable  con- 
clusion, it  ought  to  admit  of  being  supported  by  such  evidence,  and 
we  are,  in  fact,  bound  to  meet  the  purely  geological  side  of  the  case. 
Believing  that  this  may  be  done  with  the  greatest  confidence,  and 
with  the  most  complete  advantage  to  the  theory,  I  now  propose  to 
examine  this  evidence,  with  all  deference,  and  I  hope  also  with  all 
frankness.  There  is  virtually  no  dispute  about  the  facts.  These 
are  familiar,  and  admitted,  and  the  main  contention  is  about  the 
inferences  to  be  drawn  from  them.  The  following  paper  will,  there- 
tore,  be  in  the  main  critical,  and  an  attempt  will  be  made  in  it  to 
show  that  the  current  theories  (which  are  very  coutradictotj')  ^V>v:)>i\» 
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the  Loess  are  inconsistent  with  the  facts,  and  to  formnlate  anotlier 
theory  which  it  is  hoped  may  prove  to  be  more  consonant  with 
thorn.  The  only  demand  I  make  in  limine  is  that  the  position  shall 
\ye  examined  impartially  and  nntrammelled  by  d  priori  theofies,  which 
are  more  agreeable  to  theological  than  to  scientific  modes  of  reason- 
ing. Theories  which,  however  supjwrted  by  great  names,  are  mere 
tentative  hypotheses,  excellent  as  working  hypotheses  so  long  as  they 
explain  the  facts,  but  to  be  discarded  directly  our  induction  shows 
them  to  fail  in  so  explaining  them. 

It  will  be  convenient  to  begin  our  examination  with  the  Loess 
or  Lehm  of  German  writers.  Sir  Charles  Lyell,  in  speaking  of  the 
Loess,  says,  "Some  skilful  geologists,  peculiarly  well  acquainted 
with  the  physical  geography  of  Europe,  have  styled  the  Loess  the 
most  difficult  geological  problem,  although  belonging  to  the  period 
of  existing  land-shells  and  the  highest  and  newest  by  position  of  all 
the  great  formations"  (Antiquity  of  Man,  p.  372). 

Much  has  been  written  upon  the  Loess  since  Sir  Charles 
Lyell  penned  these  weighty  words ;  but  it  may  be  fairly  said  that 
the  difficulties  in  regard  to  it  seem  greater  and  more  insoluble 
now  than  at  any  previous  epoch  of  geological  inquiry.  It  has  been 
the  fashion  to  correlate  the  Loess  with  the  loamy  deposits  of  France 
and  South  Bussia  and  the  brick-earths  of  Britain,  etc.  This  view 
we  believe  to  be  erroneous.  Neither  in  structure  nor  in  origin  is  the 
Loess  to  be  compared  with  the  diluvium  of  the  French  writers  nor 
with  our  brick-earths.  And  in  this  paper  we  shall  limit  the  term 
strictly  to  the  Loess  proper,  or  Jjehm,  which  is  otherwise  called, 
according  to  Von  Leonhard,  in  various  parts  of  the  Khine  Valley, 
Loesch,  Schneckeuhausel-Boden,  Mergel  and  Briz  (Hibbert-Ware, 
Volcanoes  of  Neuwied,  p.  185). 

The  first  important  fact  we  have  to  face  is  that  the  Loess  of  Central 
Europe  and  of  China  is  precisely  the  same  in  composition,  distribu- 
tion, and  contents.  The  European  Loess  has  been  graphically  de- 
scribed by  Mr.  Qeikie,  and  I  cannot  improve  on  his  description. 
He  speaks  of  it  as  "a  yellow  or  pale  greyish -brown,  fine-grained, 
and  more  or  less  homogeneous,  consistent,  non-plastic  loam,  consisting 
of  an  intimate  admixture  of  clay  and  carbonate  of  lime.  It  is 
frequently  minutely  perforated  by  long  vertical  root-like  tubes, 
which  are  lined  with  carbonate  of  lime,  a  structure  which  imparts 
to  the  Loess  a  strong  tendency  to  cleave  or  divide  in  vertical  planes. 
T1)U8  it  usually  presents  upright  bluffs  or  cliffs  upon  the  margins  of 
streams  and  rivers  which  intersect  it.  Very  often  it  contains  con- 
cretions or  nodules  of  irregular  form,  which  are  known  in  the  Khine 
district  as  Loessmannchen  or  Loesspiippchen  and  in  that  of  Danube 
as  Loesskindeln  "  (Prehistoric  Europe,  p.  144).  With  this  account  of 
the  Loess  of  Germany  may  be  compared  that  given  by  Richthofen 
of  the  Chinese  Loess.  He  says,  ''  The  Loess  is  among  the  various 
substances  which  would  commonly  be  called  loam,  because  it  is 
earthy  and  has  a  brownish-yellow  colour.  It  can  be  rubbed  between 
the  fingers  to  an  impalpable  powder,  which  disappears  in  the  pores 
of  the  skin,  some  grains  of  very  fine  sand  only  remaining.     By 
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mechanical  destrnction,  mich  as  is  cansed  by  cart*  wheels  on  a  road, 
it  is  converted  into  true  loam.  When  in  its  original  state,  it  has  a 
certain  solidity,  and  is  yery  porous,  and  perforated  throughout  its  mnss 
by  thin  tubes  which  ramify  like  the  roots  of  grass,  and  have  evidently 
their  origin  in  the  former  existence  of  roots.  They  are  inorusted 
with  a  film  of  carbonate  of  lime.  Water,  which  forms  pools  on 
loam,  enters  therefore  into  Loess  as  into  a  sponge,  and  percolates  it 
without  in  the  least  converting  it  into  a  pulp  or  mud.  ...  It  is  not 
stratified,  but  has  a  strong  tendency  to  cleave  along  vertical  planes ; 
theretore,  wherever  a  river  cuts  into  it,  the  Loess  abuts  against  it, 
or  against  its  alluvial  bottom  land  in  vertical  cliifs,  which  are  in 
places  500  feet  high :  above,  tlie  slopes  recede  gradually  in  a  series  of 
terraces  with  perpendicular  front  faces"  (Joum.  Oeol.  80c.  vol.  xxvii. 
p.  877).  llie  exact  parallel  of  the  Chinese  and  European  Loess  is 
earned  out  in  their  contents;  in  the  shells  and  debris  of  animal 
life  which  they  contain.  The  P&re  David,  whom  I  shall  again  have 
occasion  to  quote,  tells  us  he  found  the  Loess  of  the  Yellow  River 
characterized  by  the  shells  of  Helices  such  as  still  live  in  China, 
while  in  the  Loess  of  Mongolia  he  found  broken  bones  of  Elephas 
frimigenius^  Bhinaceroa  iichorhinua,  several  unknown  kinds  of 
Genua,  of  Horses,  Oxen,  etc.,  but  adds  that  when  he  wrote  neither 
he  nor  Kichthofen  had  seen  traces  of  Palodolithio  man  (Journal 
de  mon  Troisieme  Voyage,  etc.,  vol.  i.  p.  93).  Pumpolly  also 
tells  us  that  the  Chinese  in  digging  the  caves  in  the  Loess,  in 
which  so  many  of  them  live,  find  the  bones  of  Cerrus,  etc.  Tlie 
parallel  with  the  European  Loess  is  also  carried  out  in  the  con- 
cretions of  carbonate  of  lime.  Of  this  latter  in  the  Loess  of  China  Mr. 
Kingsmill  says  **  they  have  segregated  from  tlie  mass  in  nodules  of 
fantastic  shopes,  which  show  from  the  vertical  position  of  their 
major  axis  their  subsequent  origin."  In  ever}'  re8i>ect,  therefore, 
the  Loess  of  China  and  of  Europe  resemble  one  another  except 
in  the  enormous  development  of  the  formation  in  the  former  area 
Cfjmpared  with  the  latter,  and  there  can  only  be  one  conclusion  from 
a  dispassionate  survey  that  it  was  deposited  under  the  same  conditions 
in  both  areas. 

We  will  now  consider  tlie  limits  of  the  Loess  properly  so-called. 
It  is  found  largely  developed  in  the  main  valleys  of  the  Rhine 
and  the  Danube  and  in  those  of  their  tributaries,  and  in  notably 
thick  deposits  in  the  valleys  of  the  Neckar,  the  Main,  and  the 
Lihn.  Lyell  tells  us  the  nortliem  limit  of  the  Loess  "has  been 
marked  out  about  the  51st  parallel  of  latitude  by  MM.  Omalius, 
d'Halloy,  Dumont,  and  others,  as  running  east  and  west  by  Cologne, 
Juliers,  Lou  vain,  Oudenarde.  and  Conrtray  in  Belgnim,  to  Cnssel, 
near  Dunkirk,  in  France.  South  of  this  line,  according  to  M.  d' Archaic, 
it  enrelopes  Hainault,  Brabant,  and  Lemburg,  like  a  mantle  every- 
where uniform  and  homogeneous  in  character,  filling  up  the  lower 
depresfions  of  the  Ardennes,  and  passing  thence  into  the  North  of 
France.  .  .  .  But  as  we  go  southwards  and  eastwards  of  the  basin 
of  the  Seine,  it  diminishes  in  quantity,  and  finally  thins  out  in  those 
directions  "  (Lyell,  Antiquity  of  Man,  pp.  37G,  377), 
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Groinp^  east,  Loess  abounds  in  the  valley  of  the  Upper  Elbe,  from 
below  Meissen  to  Fema,  and  especially  in  Bohemia ;  in  the  valleyB 
of  the  Weser,  Mnlde  and  Saale,  and  in  the  Hartz  Mountains.  In  the 
valleys  of  the  Upper  Oder  and  the  Vistula  it  occurs  at  an  elevation 
of  400  metres.  It  stretches  from  Upper  Silesia  right  away  into  the 
great  Polish  plain,  and  is  found  of  a  thickness  of  thirty  metres  at 
Sandomir  (Credner,  pp.  669  and  670).  It  abounds  in  Hungary  and 
Moravia,  in  Gallicia,  the  Bukovina  and  Transylvania,  going  far 
up  into  the  Carpathians.  It  also  abounds  in  Boumania,  but  has  not 
been  observed  south  of  the  Balkans  (Geikie,  Prehistoric  Europe, 
p.  146).  It  is  not  found  in  Russia,  nor  yet  in  the  flat  country  bordering 
the  Baltic  and  the  North  Sea,  Hanover,  Prussia  Proper,  and  Northern 
Poland,  which  are  strewn  with  Drift,  but  dies  out  in  all  directions 
as  we  leave  the  masses  of  mountains  in  Central  Europe,  where  it  has 
its  focus.  This  distribution  of  the  European  Loess,  as  will  be  seen 
presently,  is  an  important  factor  in  the  problem  of  its  origin. 

Let  us  now  turn  to  the  Chinese  Loess.  Hichthofen  found  it  at 
Chin-kiang  and  Nan-king,  on  the  Yang-tsze-kiang  and  throughout 
almost  the  entire  area  of  the  great  governments  of  Honan  and  ShansL 
Mr.  Eingsmill  says  it  extends  from  the  south  of  the  Yang-tsze,  in 
the  Prefecture  of  Chin-kiaug,  far  into  Mongolia  on  the  north,  and  from 
Anhwei  on  the  east  to  an  unknown  distance  west,  in  all  probability 
far.  into  Central  Asia  (Joum.  Geol.  Soc.  vol.  xxvii.  pp.  376  and  381  and 
382).  Pere  David  also  speaks  of  it  as  specially  abounding  in  the  south 
of  Mongolia,  in  the  country  of  the  Tumeds  and  the  Urats.  It  is  a 
remarkable  fact  that,  as  in  Europe  the  central  masses  of  mountains 
are  the  focus  of  distribution  of  the  Loess,  so  in  the  furthest  east  the 
chain  of  mountains  in  Southern  Mongolia  is  also  the  focus  of  the 
deposit,  which  thins  away  thence  as  we  advance  towards  the  south, 
disappearing  a  little  beyond  the  Yang-tsze-kiang,  and  disappearing  also 
as  we  travel  northwards  towards  Siberia.  Tliis  mode  of  distribution, 
as  we  have  said,  and  shall  show  presently,  is  of  very  great  import- 
ance in  the  solution  of  the  difficulties  th^t  surround  the  Loess. 

Let  us  now  glance  at  the  various  theories  which  have  been 
proposed  to  meet  these  difficulties.  The  earliest  theory,  which  was 
first  propounded  by  Bennigsen  Forder,  was  that  the  deposit  is  of 
marine  origin.  This  view  is  I  fancy  now  limited  to  Mr.  Kingsmill, 
and  was  entii*ely  repudiated  by  every  speaker  when  Mr.  EingsmilFs 
paper  was  read  at  the  Geological  Society.  The  objections  to  it  are 
overwhelming.  In  the  first  place  a  mineral  deposit  formed  of  inor- 
ganic particles  so  heavily  charged  with  a  material  like  carbonate  of 
lime  could  hardly  be  deposited  from  sea- water.  In  the  next  place  the 
Loess,  although  abounding  in  organic  remains,  has  in  no  single 
instance  yielded  a  trace  of  a  marine  organism  ;  this  objection  alone 
is  paramount  Thirdly,  the  Loess  is  practically  homogeneous  and 
unstratified.  It  is  true  that  concretions  occur  in  it,  as  they  have 
accumulated  in  situ,  from  the  deposit  of  carbonate  of  lime  about 
nuclei;  but  these  liave  been  formed  in  this  way  in  situ,  and 
are  not  evidence  of  stratification  at  all.  Such  a  thing  as  an 
unstratified  marine   deposit    1000    feet    thick,   quite    homogeneous 
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thnmgliont,  as  is  the  oase  with  the  Loess  of  China,  is  nnknown, 
ind  Ib  prima  facie  impossible.  Lastly,  the  postulating  of  a  change 
of  level  of  at  least  6000  feet  in  China,  in  quite  recent  geological 
times,  and  of  a  very  extensive  and  wide-spread  change  in  Europe 
also,  is  invoking  a  quite  stupendous  cause  to  account  for  what  is 
mooh  more  completely  accounted  for  by  a  much  simpler  one. 
On  every  ground  we  may  conclude  that  there  is  no  evidence 
that  the  sea  has  ever  overspread  the  two  continents  of  Asia  and 
Europe  since  the  deposition  of  the  Loess,  but,  on  the  contrary,  all 
the  evidence  points  to  the  Loess  having  been  other  than  a  marine 
deposit 

Having  discarded  salt-water  and  its  partizans,  we  must  now  con- 
sider the  theories  of  those  who  make  the  Loess  a  fresh- water  deposit. 
Some  of  these  argue  that  it  is  of  lacustrine,  and  others  of  fluviatile 
origin.    Both  agree  that  lake  and  river,  however,  are  merely  instru- 
ments by  which  the  Loess  was  distributed,  and  urge  that  its  origin 
is  to  be  traoed  to  the  glacial  mud  formed  by  Alpine  and  other 
glaciers  at  the  time  when  the  Ice  Age  predominated.     In  this  view 
all  the  partizans  of  fresh- water  are  agreed.     Lyeli,  Belt,  and  G^ikie, 
differing  in  other  respects,  are  at  one  in  this.     Tet  we  may  seriously 
ask  on  what  possible  ground,  save  a  purely  hypotheticfJ  one,  this 
view  has  been  maintained.     The  Alpine  glaciers  are.  no  doubt  much 
smaller  now  than  they  were  in  the  great  Ice  Age,  but  otherwise  they 
are  doing  precisely  the  same  work,  grinding  the  same  rocks,  aiul 
pouring  out  the  same  debris  of  denudation.     Their  great  outlets,  the 
KLine  and  the  Rhone  in  the  North,  and  the  Po  in  the  South,  are 
carrying  seawards  the  same  kind  of  matter  in  suspension  that  they 
formerly  did.     At  all  events,  if  this  be  not  so,  the  burden  of  proof 
of  showing  the  contrary  is  assuredly  upon  those  who  deny  the  fact. 
If  this  be  so,  how  comes  it  that  nothing  like  the  Loess  is  being  manu- 
factured now  by  t)ie  Alpine  glaciers ;  that  the  sediment  contained  in 
the  Rhine  and  the  Rhone,  except  such  part  of  it  as  is  washed  from 
tlie  banks  along  which  they  flow,  is  other  than  Loess  ?    How  is  it 
tliat  at  Bonn  tlie  Rhine  water  contains  no  appreciable  carbonate  of 
lime  as  Bischo£f  has  shown  ?   How  is  it  that  wherever  we  can  trace 
deposits  directly  due  to  glacial  action — ex.  gr,  those  being  formed 
at  the  feet  of  the  Greenland  glaciers  and  the  great  beds  of  materials 
which  the  glacial  age  has  left  in  various  parts  of  North  Britain  and 
Xorth  America  consisting  of  clays  of  various  kinds, — how  is  it,  we 
say,  that  nothing  in  the  shape  of  Loess  is  to  be  traced  here,  but  that 
these  deposits  in  texture,  composition,  and  other  characters  are  quite 
different  from  Loess,  properly  so  called?   Assuredly  there  can  bo  but 
one  conclusion,  if  we  reason  inductively,  namely,  that  the  Loess  is 
not  a  Glacial  mud  at  all,  but  had  a  very  different  origin.     Let  us 
now  turn  to  the  several  theories  of  its  distribution.     First  we  will 
consider  the   lacustrine  theory.     This  view  was  inspired  by  the 
limited  area  of  the  Rhine  Valley.      It  was  suggested,  in  fact,  that 
the  Loess  which  mantles  that  vaUey  and  those  of  its  tributaries  was 
deposited  by  a  great  lake,  banked  up  by  a  barrier  in  the  narrow  gorge 
between  Biugen  and  Coblentz.     When,  however,  it  was  diOY^n.  \}a^\. 
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the  Loess  which  existed  at  Basle  and  Schaffhausen.  would  necessitate 
a  dam  1,200  feet  high  to  retain  the  waters  of  such  a  lake, — and, 
further,  that  the  lateral  valley  of  the  Lahn  was  itself  filled  with 
Loess, — the  difficulty  of  postulating  any  sufficient  barrier  became 
obvious.  But,  apart  from  this,  such  a  lake  as  was  cited  to  explain 
the  Rhine  Loess  could  not  explain  its  distribution  on  the  flanks  of 
the  Carpathians,  on  the  great  Polish  plain,  nor  in  China.  Again, 
the  contents  of  the  Loess  are  completely  against  a  lacustrine  origin. 
Although  it  abounds  in  shells,  none  of  them  are  lake  shells.  While 
the  great  number  of  debris  of  land  animals  which  it  contains 
precludes  such  an  origin.  Nor,  again,  can  we  understand  such  a  vast 
unstratified  deposit  accumulating  in  a  lake.  The  reasons  against 
such  a  theory  are  paramount,  and  since  Sir  Charles  Lyell  wrote 
against  it,  it  has  been  abandoned  both  in  England  and  on  the 
Continent.  We  next  come  to  LyelPs  own  idea,  which  he  sug- 
gested in  substitution  for  the  leicustrine  theory  just  quoted.  This 
is  still  a  living  theory  with  some  geologists.  Lyell  suggested  that 
the  Loess  of  the  Bhine  Valley  is  of  fluviatile  origin,  and  was 
deposited  by  the  Hhine  itself.  This  notion  assuredly  makes 
enormous  demands  on  our  credulity.  First,  the  Loess  in  structure 
is  very  different  to  the  warp  deposited  by  a  river.  Such  warp  is 
essentially  stratified,  and  we  can  trace  the  annual  layers  by  which 
it  has  been  deposited ;  while  the  Loess  is  several  hundred  feet  thick, 
and  throughout  is  homogeneous  and  unstratified.  Secondly,  it  is  so 
highly  charged  with  carbonate  of  lime  that  it  is  incredible  that  a 
river  should  have  deposited  it  unless  its  waters  were  actually 
saturated  with  that  material.  But,  as  we  have  said,  Bischoff,  in 
1855,  showed  that  the  Rhine  at  Bonn  had  virtually  no  carbonate  of 
lime  in  it  at  all.  Thirdly,  the  contents  of  the  Loess  point  strongly  to 
its  not  being  a  fiuviatile  deposit.  Sir  Charles  Lyell  argues  against 
its  lacustrine  origin,  because  the  shells  it  contains  are  terrestrial 
and  amphibious.  Surely  this  very  argument  ought  to  be  conclusive 
also  against  its  fiuviatile  origin.  The  force  of  this  argument  is  very 
great,  for  these  shells  do  not  occur  locally  and  sporadically,  but  in 
great  numbers,  and  characterize  the  Loess  in  China  and  Eastern 
Europe,  as  well  as  in  the  Rhine  Valley.  Let  us  look  more  closely 
at  their  evidence. 

Out  of  2 1 1,968  shells  from  the  Rhine  Loess  examined  by  Braun, 
there  was  only  one  brackish- water  form  and  three  sweet-water 
forms ;  Limnaiis  and  Flanorbis,  with  but  thirty-two  specimens  in 
all.  Of  the  rest  there  were  98,502  examples  of  two  species  of 
SuccineGy  which  is  an  amphibious  species,  and  113,434  specimens  of 
land  shells  belonging  to  twenty-five  species  of  Ilelixy  Pupa,  Clausilia, 
Bulimus,  LimaXf  Vitrina  (Deutsch.  Zeits.  fiir  die  gesammten  Naturwiss. 
Halle,  vol.  xl.  p.  45). 

In  the  Bavarian  Highlands  Giimbel  found  one  amphibious  form 
(Sticcinea)  and  14  terrestrial  ones,  Helix,  Pupa,  Clausilia  and  Bidimus. 
Eugelhardt,  who  has  described  the  Loess  of  Saxony,  refers  to  24 
localities  whence  he  has  examined  the  shells  of  the  Loess,  in  which 
only  land  and  amphibious  shells  are  to  be  found,  while  in  two  only 
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did  he  find  the  fresh-water  form  Limnaua  truncatulus.  Similar  land 
shells  are  found  in  the  Loess  uf  the  Danube  Valley  of  Lower  Austria, 
Hungary,  the  Carpathians,  and  Poland. 

Mr.  Belt  tells  as  that  he  examined  the  Loess  in  the  valleys  of  the 
Bhine,  Main,  Danube,  and  the  steppes  of  Southern  Kussia,  yet  he  had 
never  seen  a  fragment  of  a  river- shell. 

Baron  Richthofen  expressly  says  of  the  Chinese  Loess :  '*  The  land 
shells  are  distributed  throughout  the  whole  thickness  of  the  Loess  ; 
and  their  state  of  preservation  is  so  perfect  that  they  must  have 
lived  on  the  spot  where  we  now  find  them  "  (Joum.  GeoL  Soc.  vol. 
xxvii.  p.  377,  note). 

The  well-known  French  missionary  in  China,  David,  who  has 
doDe  80  much  for  the  Natural  History  of  that  Empire,  speaking  of 
the  Loess  in  the  valley  of  the  Yellow  River  and  in  North-Western 
Ciiina,  says:  "  I  never  saw  a  trace  of  an  aquatic  shell  in  it,  but  merely 
the  remains  of  certain  small  species  of  Helices,  many  of  which  exactly 
resemble  those  still  living  in  the  country."  These  shells,  he  says, 
are  found  at  different  depths,  but  chiefly  in  the  upper  part  of  the 
formation  (Joum.  etc.,  vol.  i.  p.  93).  We  may  take  it,  therefore,  as 
an  absolute  feature  of  the  Loess  that  it  contains  virtually  no  river 
shells ;  for,  as  Mr.  Belt  says,  the  Limnceus  truncatulus  had  its  habitat 
most  probably  in  small  meres  rather  than  in  a  river. 

What  is  the  inference  from  this?  Wh^s  surely,  that  the  deposit 
which  we  are  discussing  is  not  a  fluviatile  deposit  at  all ;  for,  as 
Mr.  Belt  says,  all  our  larger  rivers  abound  in  shells.  The  shells  of 
the  Loess  are  not  only  land  shells,  but  they  are  shells  loving  the 
deep  shade  of  trees  and  the  damp  recesses  of  woods,  which  woods 
could  not  exist  where  the  banks  of  a  river  were  continually 
depositing  warp  on  a  great  scale.  Nothing  can  be  argued  from 
the  amphibious  forms,  the  Succineas ;  for,  as  Lyell  most  frankly 
says,  the  shell  is  not  strictly  aquatic,  but  lives  in  damp  places,  and 
may  be  seen  in  full  activity  far  from  rivers,  in  meadows  where  the 
grass  is  wet  with  rain  or  dew  (Antiquity  of  Man,  p.  37o).  The 
other  contents  of  the  Loess  tell  the  same  story;  both  the  animal 
remains  and  the  relics  of  man,  including  the  Palaeolithic  imple- 
ments which  are  found  in  the  Loess,  and  their  presence  is  most 
inconsistent  with  the  fluviatile  origin  of  the  deposit.  As  we 
have  shown,  they  occur  as  nearly  as  may  be  under  precisely  the 
conditions  which  exist  in  Siberia.  We  could  imagine  in  a  narrow 
rapid  river  that  carcases  of  Mammoths,  etc.,  might  be  borne  along 
and  be  overwhelmed  and  covered  with  gravel  and  other  debris 
if  they  stopped  at  any  point  and  thus  formed  a  barrier  to  the 
flow  of  the  water.  But  how,  in  the  case  of  a  slow  river — much 
slower  than  the  present  Rhine — which  is  Ly ell's  own  postulate — 
these  remains  as  they  are  found  at  Cannstadt  and  elsewhere,  could 
he  covered  over  and  preserved  in  skeletons  and  in  hecatombs,  without 
dispersal  by  gradually  accumulating  annual  layers  of  warp,  is 
difficult  to  imagine.  Why,  again,  primasval  man  should  amuse 
himself  by  sowing  specimens  of  his  flint  tools  at  intervals  in  the 
warp  of  the  river,  or  in  the  river  itself,  is  equally  hard  to  leaWx^, 
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If  we  turn  from  the  contents  of  the  Loess  to  its  distribution,  we 
shall  be  compelled  to  the  same  conclusion.  In  the  first  place,  then, 
it  occura  quite  independently  of  the  drainage  of  the  country.  It 
covers  the  plateaux  as  well  as  the  flanks  of  the  valley.  The  river 
that  could  overflow  these  plateaux  has  surely  ceased  to  be  a  river. 
How,  by  any  mechanical  theory,  can  we  account  for  the  water  of  a 
slowly  moving  river  with  a  small  fall,  even  with  the  greatest  winter 
floods,  depositing  such  masses  of  Loess,  not  only  600  feet  above  its 
present  level,  but  choking  its  own  lateral  valleys  up  to  their  very 
heads  with  it  ?  What  possible  river  could  have  deposited  the  Loess 
of  Poland,  or  the  far  more  important  Loess  of  China,  6,000  feet  above 
the  sea- level  ?  Assuredly,  in  every  way  we  view  the  problem,  the 
fluviatile  origin  of  the  Loess  seems  incredible.  Which  ever  way  we 
view  the  fluviatile  origin  of  the  Loess,  the  difficulties  of  the  explana- 
tion are  overwhelming.  Professor  A.  Geikie,  Mr.  Belt,  and  others 
have  more  recently  than  Lyell  started  another  theory,  which, 
virtually  amounts  to  a  combination  of  the  fluviatile  and  lacustrine 
views.  According  to  them,  the  waters  of  the  Rhine  and  other  rivers 
flowing  northwards  were  dammed  back  by  a  mer  de  glare  occupying 
the  North  Sea,  and  thus  made  to  overflow  their  upper  reaches,  like 
the  Obi  does  now.  This  theory  has  all  the  objections  which  have 
been  urged  against  the  lacustrine  and  fluviatile  origin  of  the  Loess, 
with  some  additional  ones.  How  is  the  Loess  of  the  Danube  Valley 
and  of  Hungary,  and  more  especially  that  of  China,  to  be  explained  by 
such  a  bringing  down  of  the  Glacial  period  almost  to  our  own  day  ? 
Where  was  the  mer  de  glace,  and  where  the  rivers  which  were 
dammed  back  so  as  to  de|x)sit  those  vast  masses  of  Loess  on  the 
Chinese  plateaux  6000  feet  above  the  sea-level  ?  How,  again,  with 
the  proposed  mer  de  glace  in  the  North  Sea,  involving  a  climate  like 
Greenland  or  the  Polar  shores  of  Siberia,  could  the  Mammoth  and 
his  contemporary,  the  Hippopotamus,  could  the  Ficus  caries  and  the 
Cyrena  fluminalia  have  lived  in  Northern  France  and  Germany? 
These  objections  seem  to  us  overwhelming. 

W^e  are,  therefore,  bound  to  discard  this  modification  of  the  older 
hypotheses,  and  to  conclude  that  every  theory  requiring  a  marine, 
lacustrine,  or  fluviatile  origin  for  the  Loess  is  inconsistent  with  the 
evidence.  Let  us  now  turn  to  another  theory,  which  has  received 
the  sanction  of  Kichthofen  and  Pumpelly  in  China,  and  has  been 
indorsed  by  Professor  Ramsay,  namely,  that  the  Loess  is  a  subaerial 
formation.  Richthofen's  position  may  be  best  stated  in  his  own 
words.  "  Unbiassed  observation,"  he  says,  "  leads  irresistibly  to  the 
conclusion  that  the  Loess  of  China  has  been  formed  on  dry  land. 
The  whole  of  that  vast  country,  which  was  covered  by  a  continuous 
sheet  of  Loess  before  this  had  undergone  destruction,  was  one 
continuous  prairie,  probably  of  greater  elevation  above  the  sea  than 
the  same  region  is  now.  The  Loess  is  the  residue  of  all  inorganio 
matter  of  numberless  generations  of  plants  that  drew  new  supplies 
incessantly  from  those  substances,  which  ascend  in  moisture  and 
springs,  carried  in  rotation  to  the  surface.  This  slow  accumulation 
of  decayed  matter  was  assisted  by  the  sand  and  dust  deposited 
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through  infinite  ages  by  winds.  The  land  shells  are  distributed 
through  the  whole  thickness  of  the  Loess ;  and  their  state  of 
preservation  is  so  perfect  that  they  mast  have  lived  on  the  spot 
where  we  now  find  them.  They  certainly  admit  of  no  other 
explanation  than  that  here  hinted  at,  of  the  formation  of  the  soil  in 
which  they  are  imbedded.  The  bones  of  land  animals  and  chiefly 
tiie  roots  of  plants,  which  are  all  preserved  in  their  natural  and 
original  position,  give  corroborative  evidence*'  (Journ.  Geol.  Soc. 
ToL  xzvii.  p.  377  note). 

The  main  position  of  Bichthofen  is  indorsed  by  Professor  Bamsay, 
who,  in  speaking  on  Mr.  Eingsmill's  paper,  is  reported  to  have  said 
that  he  "  thought  the  phenomena  (of  the  Loess)  were  rather  in 
accordance  with  a  long  exposure  of  the  land  to  subaerial  influences 
than  with  the  Loess  having  been  of  marine  origin.  Even  in 
England,  in  those  parts  which  had  long  been  free  from  marine 
action,  beds  of  brick-earth  had  been  formed.  He  also  instanced  the 
plains  of  Picardy  as  exhibiting  a  vast  extent  of  such  subaerial  beds  " 
(Joom.  Oeol.  Soc.  vol.  xxvii.  p.  383). 

This  theory  has  one  advantage  over  the  others,  that  it  is  not 
immediately  answered  by  an  appeal  to  the  contents  and  structure  of 
the  Loess ;  but  its  plausibility  disappears  on  a  closer  acquaintance. 
As  the  P^re  David  urges,  we  ought  to  meet  elsewhere,  in  districts 
which  have  not  been  denuded,  with  deposits  of  a  similar  character, 
if  this  be  the  remains  of  the  old  land  surface  ;  but  subaerial  deposits 
composed  as  this  is  are  nowhere,  so  far  as  we  know,  being  formed 
now.  But  there  is  a  more  fatal  objection,  stated  very  clearly  by  Mr. 
Kingsmill,  who  says,  "  Its  chemical  composition,  consisting  as  it  does, 
mainly,  of  silicates  of  alumina  and  of  fine  silica,  in  the  condition  of 
impalpable  sand,  does  not  correspond  with  that  of  the  inorganic 
elements  of  plants  growing  on  its  surface.  Granting,  however,  that 
the  earthy  carbonates  and  a  portion  of  the  silica  could  be  derived 
from  such  a  source,  whence  could  the  plants  themselves  derive  these 
elements,  but  in  turn  from  the  soil  on  which  they  grew  ?  Lime, 
potassa,  magnesia,  iron,  and  silica,  might,  then,  so  long  as  the  plant 
had  access  to  the  subjacent  formations,  or  was  supplied  by  springs 
from  below,  have  been  deposited  in  a  superficial  layer ;  silica  might 
even,  as  has  been  suggested,  have  been  conveyed  by  the  medium  of 
dost  storms ;  but  whence  could  the  silicate  of  alumina  be  derived  ? 
A  superficial  layer  not  altogether  dissimilar  might,  as  suggested,  be 
formed  so  long  as  the  plants  had  access  to  subjacent  rocks.  Once, 
however,  removed  from  contact  with  them,  these  inorganic  elements 
of  the  plants  could  only  be  supplied  from  the  rock  itself.  Eivers 
tre  inadmissible,  as  their  action  would  have  been  to  disintegrate, 
not  to  build  up ;  springs,  from  the  peculiarities  of  the  formation, 
cannot  rise  to  its  surface.  There  is  finally  no  known  means  by 
^hich  these  inorganic  matters  could  have  been  supplied  from  the 
*tmosphere.  The  layer  formed  by  one  generation  of  plants  would 
in  effect  have  been  absorbed  by  the  next  without  any  addition 
Wng possible"  (Journ.  Geol.  Soc.  vol.  xxvii.  pp.  380-1).  Baron 
Bichthofen's  position  would  be  plausible  if  it  were  beyond  question 
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that  the  minute  ramifying  tubes  which  are  found  throughout  the  Loea 
were  the  relics  of  roots  of  grasses,  but  this  is  a  mere  hypotheris, 
and  one  which  is  by  no  means  probable.  That  a  succession  of 
plants  growing  in  one  area  for  ages  should  have  left  no  d&m%  but 
these  fine  tubes,  and  that  they  should  occur  throughout  great  tbidc- 
nesses  of  Loess,  where  it  is  500  and  600  feet  in  depth,  seems  quite 
incredible;  and  I  am  more  than  inclined  to  accept  Mr.  Odkie's 
tentative  opinion  when  he  says,  "  I  am  not  aware  that  any  trace  of 
vegetable  matter  has  ever  been  found  in  the  tubes,  and  the  capillary 
structure,  like  the  concretions,  may  be  of  inorganic  origin.  Chemical 
analyses,  at  all  events,  have  shown  that  Loess  contains  little  or  no 
organic  matter,  which  we  might  have  expected  to  meet  with  in  much 
greater  abundance  had  plants  given  origin  to  the  innumerable  vertical 
pores  which  are  so  commonly  present  in  the  typical  deposit  of  the 
Rhine  and  the  Danube  "  (Prehistoric  Europe,  p.  237).  Again,  the 
fact  that  the  Loess  is  deposited  with  singularly  uniform  composition 
and  structure,  independently  of  the  nature  of  the  subjacent  rooks, 
shows  that  if  in  situ  and  not  largely  transported,  it  is  entirely 
different  from  other  subaerial  soils  which  partake  of  the  local  charac- 
teristics of  the  rocks  on  which  they  rest.  The  fact  is.  the  more  we 
examine  this  solution,  the  more  impracticable  it  becomes.  By  a 
process  of  exhaustion  we  have  pretty  nearly  sifted  every  possible 
source  for  the  Loess. 

{To  be  concluded  in  our  next  Number.) 

Errata.— Geol.  Mao.  Dec.  II.  Vol.  VIII.  p.  669,  last  line,  for  "  merely »'  nU 
**  surely  " ;  p.  672,  line  10,  for  *'  with  honouring  "  read  "  in  honouring." 


IV. — On  the  Twt  Hill  Conolomebate. 

By  Prof.  T.  G.  Bonnet,  M.A.,  F.R.S.,  F.G.S. 

SINCE  the  date  of  my  communication  to  the  Geological  Society  on 
the  sections  at  and  in  the  neighbourhood  of  Twt  Hill,*  I  have 
more  than  once  visited  the  district,  and  have  spent  much  time  in 
working  over  the  specimens  which  I  have  collected.  The  exact 
relation  of  these  conglomerates  to  the  granitoid  rock  on  which  they 
rest  is  a  matter  of  great  importance  as  bearing  on  theoretiotu 
questions  relating  to  metamorphic  changes  in  stratified  rocks- 
questions  at  which  for  the  last  three  or  four  years  I  have  lost  nc 
opportunity  of  working.  I  should  therefore,  in  all  probability,  have 
recurred  to  the  subject,  even  if  my  attention  had  not  been  directed 
to  it  by  my  friend  Dr.  Roberts'  communication  and  criticism  of  the 
above  paper.'  In  the  latter,  it  may  be  remembered  that  we  assigned 
the  Twt  Hill  conglomerate  to  the  granitoid  series.  The  reasom 
which  led  myself,  at  any  rate,  after  much  consideration,  to  the  oon- 
clusion,  were  chiefly  the  following : — 

I.  That  after  very  careful  examination  in  the  field  I  was  unable 

'  "Written  conjointly  with  Mr.  Houghton,  Quart.  Jouhl  Geol.  Soc.  vol.  xxxt.  p.  821, 
«  See  Gbol.  Mao.  Vol.  VIII.  Dec.  II. 


Prof,    T,    G.  Bonne u— no   Ticf-Uin  dnHjIrnnfrafr,  10 

to  detect  any  line  of  demarcation  between  the  undoubted  granitoid 
beds  and  the  conglomerates. 

2.  That  in  no  instance  had  I  been  able  to  find  fragments  of 
felsite  in  the  conglomerate,  though  these  abound  in  the  undoubted 
Cftmbrian  conglomerates ;  and  yet  near  Port  Dinorwic  beds,  probably 
of  the  same  age  as  those  at  Twt  Hill,*  occur  close  to  the  felsite,  which 
abo  i|i  this  place  appears  more  probably  intrusive  in  than  overlain 
1>y  the  conglomeratic  series. 

3.  That  although  the  metamorphism  of  the  matrix  of  the  con- 
glomerate was  much  less  than  in  the  granitoid  rock  (and  in  the 
ichist  series  of  Anglesea),  yet  it  seemed  greater,  especially  in  the 
lower  and  more  felspathic  band  of  the  Twt  Hill  conglomerate  than 
11  usual  in  the  true  Cambrian  conglomerate  ;  while  such  beds  as  the 
Torridon  Sandstone,  the  Quartzite  and  the  ^*  Upper  Gneiss  "  series  of 
the  N.W.  Highlands,  show  how  much  influence  the  constitution  of 
a  rock  has  had  on  the  amount  of  metamorphism  produced. 

Thus,  although  I  fully  felt  the  difficulties,  being  especially 
troubled  by  the  presence  of  schist  in  the  conglomerate,  I  considered 
the  weight  of  evidence  to  be  in  favour  of  my  conclusion.  I  may  say 
that  while  each  visit  to  the  section  made  me  more  confident  of  the 
correctness  of  my  view,  each  revision  of  the  whole  question  in  my 
itndy  made  me  more  doubtful  of  it.  The  same  question  also  has 
heen  oonstantly  present  to  my  mind  during  ray  work  among  meta- 
morphic  rocks  in  the  Alps ;  but  as  conglomerates  and  even  grits 
appear  to  be  singularly  rare  in  these,  the  direct  evidence  which  I 
have  obtained  has  been  but  slight,  and  in  no  way  conclusive  on 
either  side. 

Dr.  Roberts  was  led  to  a  conclusion  opposite  to  ours,  viz.  that  the 
beds  were  much  posterior  to  the  granitoid  rock,  by  the  following 
considerations : — 

1.  That  he  thought  he  could  see  a  demarcation  in  the  Twt  Hill  pit 
between  the  conglomeratic  series  and  the  granitoid  rock. 

2.  That  near  Llanerchymedd  in  Anglesey,  a  conglomerate,  which 
macroscopically  closely  resembles  the  Twt  Hill  rock,  occurs  in 
sequence  with  fossiliferous  Cambrian  bods. 

3.  That  this  conglomerate  consists  of  "  pebbles  of  quartz  imbedded 
in  a  felspathic  matrix,"  which  removes  the  •*  only  strong  d  priori 
argument,  viz.  the  absence  of  f el  site  pebbles." 

As  regards  the  validity  of  this  reasoning,  I  need  only  point  out  that 
it  is  dangerous  to  infer  the  identity  of  these  old  rocks  without  a  more 
thorough  examination  of  their  microscopic  structure  than  Dr.  Eoberts 
appears  to  have  bestowed  upon  them  ;  and  that  a  presumed  identity 
of  heds  in  localities  many  miles  apart  is  not  a  very  conclusive 
argument.  Indeed,  the  presence  of  felsite  pebbles  in  the  one  and 
^t  in  the  other  would  be  an  argument  (if  for  anything)  mther 
a|?ain8t  than  for  such  an  identity,  to  which  I  may  add  that  "  a 
felspathic  matrix  " — a  conveniently  vague  term — is  not  to  my  mind 
identical  with  "fragments  of  felsite."     Why  did  not  Dr.  Roberts 

^  I  hare  admitted  this  point,  of  which  I  was  at  first  doubtful.   See  this  Mkqa.i.ii!(^) 
»ol.  YU.  Dec.  IL  p.  300. 
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look  for  these  isx  the  outcrops  near  to  Port  Dinorwio,  which  have  far 
more  bearing  on  the  question  ?  So  far  as  I  can  discover  from  his  paper, 
he  has  left  them  unvisited.  Nevertheless,  in  a  matter  where  the 
evidence  before  one  can  only  be  imperfect,  it  is  possible  to  get  some- 
times to  a  right  conclusion  by  a  wrong  method,  and  sometimes  to  a 
wrong  conclusion  by  a  right  method ;  and  in  this  case  I  must  frankly 
confess  that,  while  repudiating  Dr.  Boberts*  arguments,  I  admit  the 
substantial  correctness  of  his  conclusion  as  regards  the  Twt  Hill 
conglomerate.  I  have,  however,  altered  my  views  for  reasons  which 
are  more  satisfactory  to  my  own  mind  than  any  which  he  has 
advanced.  They  are:  (1)  because  from  prolonged  study  of  the 
microscopic  structure  of  metamorphic  rocks,  I  have  become  more 
doubtful  of  the  possibilitv  of  two  such  beds  as  the  granitoid  rock 
and  the  conglomerate  belonging  to  one  series ;  and  (2)  because  I 
have  at  last  found  felsite  fragments  in  the  conglomeratic  series  in  the 
Carnarvon  district. 

In  September,  1880,  Mr.  Houghton  conducted  me  to  a  pit  (found 
by  him  subsequent  to  the  date  of  our  paper)  which  afforded  the 
section  diagrammatically  represented  below,  about  half  a  mile 
S.S.W.  of  Tan-y-maes.  It  is  at  a  spot  on  the  map  about  two- 
tenths  of  an  inch  south  of  the  first  C  in  Cefn  Cynryg,  and  there 
can  be  little  doubt  of  its  belonging  to  the  same  series  as  the  grits 
near  Careg  Goch  and  Tan-y-maes. 


Diagrammatic  Section  of  Pit  near  Cefn  Cynryg. 

I  copy  the  annexed  description  from  my  note-book : — "  The  lowest 
beds  visible  (a)  are  distinctly  bedded  quartz-grits  or  quartzites  con- 
taining sometimes  quartz  pebbles  up  to  the  size  of  very  small  peas ; 
then  the  grit  becomes  a  little  more  felspathic  and  passes  through  an 
intermediate  stage  (6)  into  a  band  about  half  a  yard  thick,  which  is 
a  quartz-felspar  crystalline-looking  rock  (c),  not  unlike  that  of  Twt 
Hill,  but  which  on  the  weathered  surface,  and  sometimes  even  on 
the  unweathered,  shows  now  and  then  distinct  little  quartz  pebbles 
in  size  from  a  hemp-seed  to  a  small  pea.  Then  comes  a  greenstone 
dyke  (d) — very  rotten — about  a  foot  or  so  thick,  on  the  other  side  of 
which  the  rock  is  again  a  distinct  grit  (c)."  The  dip  is  roughly 
S5^  S.S.E.  Specimens  were  selected  from  all  these  beds  and  out  for 
microscopic  examination.  I  fondly  hoped  that  bed  (b)  would  givs 
me  the  evidence  for  which  I  had  long  been  seeking  and  establish  the 
correctness  of  my  conclusion  as  to  the  Twt  Hill  group,  beside® 
supplying  me  with  helpful  matter  as  to  other  work.  I  regret  to  say 
that—exactly  as  sometimes  happens  with  the  felsite  itself — ^the  grani- 
toid aspect  proved  illusory,  and  in  the  slide  I  found  one  or  two  small 
fragments  that  I  must  recognize  as  felsite  (t.e.  devitrified  rhyolite) 
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and  identify,  so  far  as  one  can  venture  to  do  this,  with  that  of  the 
mass  whioh  begins  near  Port  Dinorwio. 

This  is  to  my  mind  a  oonclusive  argument,  and  Dr.  Boberts  may 
exclaim,  Swo  nbi  gladio  hunc  jugtdo ;  for  I  should  certainly  have 
declined  to  die  by  his  weapon.  The  lesson,  however,  is  a  valuable 
one,  for  it  shows  how  cautious  it  is  needful  to  be  in  dealing  with 
these  ancient  rocks,  and  above  all  it  proves  the  impossibility  of 
settling  questions  relating  to  them  without  a  thorough  microsoopio 
study.  It  was  trusting  too  much  to  my  eyes  in  the  field  (though 
they  were  perhaps  not  less  experienced  th)ui  those  of  Dr.  Hoberts), 
and  refusing  for  this  reason  to  listen  to  certain  doubts  suggested  by 
my  micn)scope,  which  led  me  wrong,  as  it  has  done  other  observers ; 
it  was  my  microscope,  and  that  alone,  which  set  me  right ;  for  on  the 
afternoon  when  I  left  the  section  near  Gefn  Cynrig  I  fully  thought 
I  should  obtain  from  the  rock  a  verdict  in  my  favour. 

From  every  point  of  view  the  rarity  of  these  felsite  fragments  is  very 
singular  at  Tan-y-maes.  Where  the  two  rocks  are  almost  in  contact 
I  have  not  yet  discovered  them ;  ^  yet  in  all  the  other  conglomerates 
over  a  wide  area  in  the  Bangor-Camarvon  district  they  abound. 
I  may  add  that  I  prefer  at  present  to  regard  the  exact  age  of  these 
Twt  Hill  conglomerates  as  uncertain.  There  is  no  doubt  much  to 
be  said  in  favour  of  regarding  them  as  a  local  development  of  the 
Cambrian  conglomerate ;  but,  as  I  am  conviuced  this  is  not  the  only 
one  in  the  district,  there  is  something  to  be  said  in  favour  of  assign- 
ing them  to  a  rather  earlier  date.  The  matrix  certainly  is  more  altered 
than  is  usual  with  the  true  Cambrian  beds. 

But,  while  abandoning  the  view  expressed  in  the  paper,  written 
conjointly  with  Mr.  Houghton,  as  to  the  Twt  Hill  conglomerate,  I 
wish  to  state  distinctly  that  I  do  not  recede  from  the  opinion 
expressed  in  the  preceding  communication^  and  in  this  Magazine,' 
as  to  the  age  and  relation  of  the  various  conglomerates  on  the 
north-eastern  edge  of  the  felsite  in  the  vicinity  of  Bangor.  The 
whole  of  that  district  was  again  worked  over,  last  year,  with  the 
result  of  obtaining  much  additional  evidence  and  unhoped-for  con- 
firmation of  my  views  as  to  the  presence  of  a  considerable  series  of 
beds  (conglomeratic,  slaty,  etc.)  between  the  felsite  and  the  true 
Cambrian  conglomerate.  As  regards  this  district,  and  as  regards 
the  opinion  expressed  concerning  certain  rash  and  unscientific 
generalizations  about  the  Anglesea  schists,  I  adhere  to  the  views 
which  I  have  already  published,  and  may  hereafter  ask  permission 
to  give  my  reasons.*      It  will,  however,  be  some  time  before  the 

^  Farther  examination  of  specimens  makes  me  doubtful  if  this  is  more  than  an 
toddent  owing  to  the  state  of  the  rocks ;  for  I  find  some  rotten  fragments  which  may 
be  felsite.  Hence  the  section  at  Tan-y-maes  (figured  on  j).  301,  of  Vol.  Vll.  of 
tiiis  Kaoazine)  does  not  bear  out  the  conclusion  wnich  from  it  seems  more  probable. 
1  may  also  mention  that  I  find  from  further  examination  that  all  the  rock  exposed  in 
^  bank  under  the  cottage  gardens  is  a  spherulitic  felsite. 

'  Quart.  Joum.  Geol.  Soc.  vol.  xxxy.  p.  309. 

»  Dec.  II.  Vol.  VII.  p.  298. 

*  It  will  be  prudent  not  to  accept  the  "  Crug  beds  '*  as  an  upper  subdivision  of  the 
"Carnarvon  series"  till  they  have  been  further  examined.  Perhaps  it  may  be  found 
tkt  the  fdnte  haa  been  at  some  of  its  old  tricks  in  this  district  also. 
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whole  of  my  collection  can  be  unpacked  and  settled  in  its  new 
quarters,  so  I  have  thought  it  better  not  to  delay  longer  the 
admission  of  the  one  point  where  I  find  that  I  have  erred. 

P.S. — ^The  above  remarks  were  written  before  the  October  Number 
of  the  Magazine,  containing  Dr.  Eoberts'  second  paper,  had  reached 
me.  I  leave  them  as  they  were  written,  though  he  appears  now 
to  have  visited  the  Port  Dinorwic  district,  and  distinctly  speaks  of 
felsite  pebbles  in  Anglesea,  because  his  examination  of  the  former 
does  not  seem  to  have  been  careful  enough  to  show  him  that  the 
grits  become  conglomeratic  near  Tan-y-maes,  and  I  do  not  admit 
that  the  question  can  be  settled  by  the  latter.  I  have  not  myself 
been  struck  with  the  remarkable  resemblance  of  the  conglomerate  of 
Garth  Ferry  to  that  of  Twt  Hill,  and  think  that  by  the  method 
of  reasoning  here  adopted  I  could  prove  even  the  Bangor  series  of 
Prof.  Hughes  to  be  only  Cambrian  conglomerate. — T.  G.  B. 

V. — Contributions  to  the  Paleobotany  of  Sweden.^ 
By  Wm.  Carbutheks,  F.R,S.,  F.L.S.,  F.G.S. 

MB.  A.  G.  NATHORST,  whose  recent  contributions  to  the  PalsBO- 
botany  of  Sweden  have  been  very  valuable,  has  been  turning 
his  attention  to  the  impressions  found  on  the  surface  of  schists,  espe- 
cially in  Palseozoic  rocks,  which  have  been  too  readily  accepted  as  im- 
pressions of  plants.  They  find  a  place  among  the  AlgsB  of  Schimper's 
"Traite  de  Paleontologie  Vegetale,"  and  they  are  employed  by 
Saporta  and  Marion  in  their  recent  work,  "  L'Evolution  du  B^ne 
Vegetal,"  and  are  treated  as  Algsa,  and  employed  as  data  in  their 
account  of  the  evolution  of  the  vegetable  kingdom.  Mr.  Nathorst, 
so  long  ago  as  1873,  called  in  question  the  plant  origin  of  many  of 
these  markings,  and  he  has  recently  published  in  the  Transactions 
of  the  Boyal  Swedish  Academy  (vol.  xviii.  No.  7,  Stockholm,  1881) 
an  exhaustive  treatise  on  the  subject,  with  eleven  phototypic  plates 
of  impressions  which  he  obtained  by  the  motions  of  different  animals 
or  the  trails  of  plants  on  soft  materials.  He  first  experimented  with 
gypsum,  getting  the  animals  to  move  over  the  surface  while  it  was 
soft,  and  securing  the  permanence  of  the  tracks  by  the  hardening  of 
the  gypsum.  This  method  was  satisfactory  with  the  smaller 
Crustacea,  but  annelids  and  molluscs  moved  so  slowly  that  the 
gypsum  hardened  before  they  crossed  it.  And,  besides,  it  was  not 
possible  to  experiment  in  this  way  with  some  marine  animals,  for 
the  fresh  water  with  which  the  gypsum  was  mixed  at  once  killed 
them.  The  earlier  plates  are  devoted  to  the  impressions  produced 
on  the  soft  gypsum.  The  results  are  remarkably  like  the  ArthrO' 
phycuB  and  Grossochorda  of  the  Silurians.  These  impressions  have 
been  produced  by  the  following  Crustacea:  Corophium  longicome, 
Fabr.,  Crangon  vvJgaris,  Fabr.,  J<Bra  albifronSy  Leuck.,  Gammarus 
locusta,  Linn.,  and  Idothea  baltica,  Pall.  The  markings  made  by 
the  Idothea  are  singularly  like  the  impressions  of  a  Lycopodium,  or 
of  some  branching  sea- Weed,  like  Caulerpites,  Sch. 

^  Om  Sp&r  af    N&gra  erertebrerade    djur    MM.   Och    Deras    Paleontologiska 
betydelse,  af  A.  G.  Kaworst,  mod  II  Taflor,  4to.  pp.  60. 
AosgL  STenaka  Yet.  Akad.  Handl.  Band.  18,  No.  7.    Stockholm :   1881. 
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Nicholson  and  Etberidge  had  given  a  similar  explanation  of 
CroBsopodiaj  and  other  Nereites  markings  in  their  valuable  oon- 
tribution  to  Silurian  Palseontology  (see  their  Monograph  of  the 
Silurian  Fossils  of  the  Girvan  district,  pp.  304:-318). 

Mr.  Nathorst  further  experimented  with  fine  mud  obtained  from 
a  depth  of  12  to  15  ft.,  and  which  he  placed,  with  all  the  animals 
contained  in  it,  in  vessels  of  different  depths.  It  was  remarkable 
bow  speedily  after  the  vessels  were  at  rest  a  great  multitude  of  very 
different  tracks  were  produced.  It  became  obvious  that  the  sea- 
bottom,  where  it  consists  of  fine  sediment  inhabited  by  animals, 
mast  be  completely  covered  by  trails  of  different  kinds.  The  most 
corioos  specimens  procured  were  the  trails  of  Qoniada,  Olycera,  and 
some  other  annelids  which  were  found  to  be  constantly  branched  as 
in  the  impressions  referred  to  the  genus  Chondrites,  I1ie  impres- 
sions, which  are  reproduced  with  minute  fidelity  and  beauty  in  the 
phototypes,  were  fixed  by  pouring  liquid  gypsum  over  the  wet  mud, 
a  method  which  Mr.  Nathorst  found  to  succeed  in  preserving  the 
,  most  delicate  markings.  The  trails  of  the  annelid  Ooniada  maculata, 
Oersted,  are  very  familiar  as  Palaeozoic  "AlgSB."  In  one  of  the 
specimens  of  this  creature's  work  (pi.  ix.  fig.  1),  we  find  several 
*' plants"  springing  from  one  place,  that  in  the  centre  is  more 
vigorous  than  the  others,  and  gives  off  in  an  alternate  manner  from 
its  main  axis  a  number  of  branches  which  are  again  branched. 
This  is  so  singularly  faithful  an  outline  of  some  fossil  algas,  that 
nothing  short  of  the  testimony  of  so  careful  an  observer  as  Mr. 
Nathorst  would  convince  one  that  it  could  have  been  produced  by 
8Q  animal.  The  radiating  tentacles  of  a  Terebella  produce  a  good 
imitation  of  a  plant.  The  impressions  of  an  Amphiuraf  which  had 
been  lying  on  the  mud  with  its  arms  extended,  but  had  gently 
moved  the  ends  to  and  fro,  gives  a  branching  appearance,  with  a 
flabellate  outline  to  the  "frond."  The  trails  of  molluscs  like 
Montacuta,  and  the  larva)  of  some  dipterous  insects,  obtained  in  a 
garden  after  rain,  are  figured,  showing  long  simple  markings  twisting 
and  turning  on  themselves,  and  giving  very  faithful  representations 
of  the  impressions  referred  to  Palaochorda,  The  markings  made  by 
earth  worms  supply  also  very  good  materials  for  interpreting  some 
impressions  generally  treated  as  species  of  fossil  algae.  Mr.  Nathorst's 
figure  on  p.  19  may  be  compared  with  the  figures  of  Physophycus 
marginatus,  Sch.,  on  p.  87  of  Saporta  and  Marion's  recent  work. 

Mr.  Nathorst  compares  in  detail,  and  with  great  care,  the  results 
of  his  experiments  with  the  list  of  Alga  contained  in  Schimper- 
ZittePs  "  Handbuch  der  Palaeontologie,"  and  finds  that  all  the  im- 
pressions brought  together  under  the  title  "  Alga  incerta  sedis " 
can  be  produced  by  animals  or  by  the  mechanical  action  of  plants 
operated  upon  by  running  water.  These  Palaeozoic  algse  are  mere 
impressions  on  the  surface  of  ancient  mud,  and  never  exhibit  any 
remains  of  organic  matter.  It  is  very  satisfactory  to  obtain  such 
clear  evidence  of  their  true  nature,  and  to  get  rid  of  the  false  genera 
and  species  which  have  unhappily  burdened  our  handbooks,  and  of 
the  speculations  which  have  been  based  on  these  misuiidQT^\;c^o^ 
lickings. 
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With  these  must  also  go  the  impressions  from  the  Lower  SilaiiBnt 
of  Sweden  which  constitate  the  genus  Eophyton,  These  were 
always  known  to  be  only  surface  markings,  but  so  remarkably  did 
they  imitate  stems  and  leaves  of  plants  that  it  was  very  difficult  to 
gainsay  those  who  unhesitatingly  placed  them  among  vegetables* 
And  if  vegetables,  it  seemed  certain  that  they  belonged  to  Phanero* 
gamous  plants,  and  not  to  any  of  the  lower  groups  of  Cryptogamoni 
plants  whose  remains  are  the  earliest  vegetable  fossils  met  with. 
Mr.  Nathorst  has  produced  typical  specimens  of  EophyUm  from  the 
trails  of  plants  over  soft  mud.  So  that  while  Eophyton  testifies  to 
the  existence  of  life  on  the  shores  when  the  markings  were  made^ 
these  markings  supply  no  evidence  as  to  the  nature  or  form  of  the 
plants  by  which  they  were  produced. 

It  may  be  worth  while  to  add  a  sentence  to  this  notice  in  order  to 
record  that  the  doubt  already  thrown  on  Saporta*s  Lower  Siluriaa 
fern  Eopteria  Morieri  was  confirmed  by  the  examination  of  a  speci- 
men exhibited  at  a  recent  meeting  of  the  Geological  Society.  And 
that  the  mineral  nature  of  the  markings  was  completely  establishedv 
and  the  impossibility  of  it«  being  a  plant  was  pointed  out  by  Dr. 
Sterry  Hunt  when  he  showed  that  it  lay  along  the  lines  of  the 
slaty  cleavage,  and  not  on  a  surface  of  deposition. 


» 

I. — Om  Aftryok  af  Mkdusob  I  SvEBiOEs  Kambriska  Laobb. 
Af  a.  G.  Nathorst,  Eongl.  Svenska  Vetenskaps-Akademiens 
Handlingar.  Bandet  19,  No.  1.  Med  6  Taflor.  Stockholm, 
1881.  On  Impressions  of  Medusaa  in  the  Cambrian  Bocks  of 
Sweden.     By  A.  G.  Nathorst. 

JN  this  Number  of  the  Maoazimb  a  notice  is  given  by  Wdl 
Carruthers,  Esq.,  F.B.S.,  of  a  paper  by  Herr  Nathorst,  in 
which  he  brings  forward  reasons  to  show  that  the  impressions  on 
beds  of  sandstone  of  Cambrian  age,  hitherto  regarded  as  plants, 
and  known  under  the  generic  name  of  Eophyion,  were  more 
probably  markings  produced  by  the  trails  of  Medusas.  In  the 
present  paper  the  author  endeavours  to  prove  that  the  same  beds 
contain  impressions  and  casts  of  these  organisms.  The  possibility 
of  jelly-fishes  leaving  proofs  of  their  existence  in  the  rocks  is 
well  known  from  the  indubitable  impressions  left  by  these  animals 
in  the  Solenhofen  slates.  The  Eophyton  sandstones  are,  however, 
much  less  fitted  to  receive  and  retain  the  markings  of  delicate 
organisms  than  the  lithographic  beds  of  Solenhofen,  and  it  is  not, 
therefore,  to  be  wondered  at  that  the  impressions  they  contain, 
being  ruder  and  more  indefinite  in  their  character,  should  have 
been  variously  interpreted.  This  accounts  for  the  circumstance 
that  the  forms  now  referred  by  the  author  to  Medussa  have  been 
previously  described  by  Torell  and  Linnarsson  under  the  generic 
names  of  SpatangopM^  AgelacrinuB  f,  Frotolyellia,  and  AitylospongiOf 
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and  Uma  attributed  to  Sponges,  Corals,  Crinoids  and  Ecbinoderms  I 
Hess  foasils  retain  no  organic  structures,  and  only  the  form  has 
kaen  preserved.  As  regards  those  described  as  corals  and  sponges, 
■di  authorities  as  Lindstrom  and  Roemer  repudiate  their  connexion 
with  these  groups. 

It  afmearB  that  Herr  Nathorst  was  led  to  compare  these  fossils 
to  the  impresaions  of  MedussB  by  casually  observing  the  similarity 
fH  form  between  some  specimens  of.  the  existing  Medusa,  Aurelia 
uritOy  thrown  up  on  the  beach  at  Oresund,  and  specimens  of  so- 
edied  SpaiangopM  from  the  Eophyton  sandstone  at  LugnHs,  which 
ire  in  the  Stockholm  Museum.  This  similarity  induced  him  to 
tiy  the  experiment  of  obtaining  casts  of  these  existing  Medusas  by 
means  of  dilute  plaster,  and  the  resemblances  between  the  artificial 
ind  the  natural  impressions  were  so  close  that  the  author  regards  it 
M proved  that  the  fossil  impressions  result  from  Medusae.  Tlie  impres- 
B0I18  most  commonly  met  with,  have  the  shape  of  a  central,  elevated 
mamidal  body,  from  which  radiate  four  or  five  arms  or  rays. 
Tliii  form  has  resulted  from  the  settling  down  of  the  Medusa  into 
ihe  mud,  which,  by  the  infilling  of  the  gastral  cavity,  has  pro- 
duced the  pyramidal  body,  whilst  the  radiating  impressions  are 
fhoee  of  the  prolonged  angles  of  the  mouth.  Another  form  which 
generally  occurs  free  is  believed  by  Nathorst  to  result  from  the  in- 
filling of  the  gastral  cavity  of  those  animals  which  have  died  or  been 
thrown  on  the  strand  with  the  mouth  uppermost. 

The  author  treats  at  length  the  various  points  of  comparison 
between  the  fossils  and  existing  Medusae  of  various  families,  and 
refers  the  forms  to  three  species : — Medmites  radiatus,  Linnars.  sp. 
^Astylospongia  radiata,  pp.  Linnars.;  M.favosus,  n.B^=iFroto1i/eU{a 
princepSf  Torell,  and  Astylospongia  radiata,  pp.  Linnars. ;  and  J/. 
lAnd$tT6mif  Linnars.  Bi^,=zSpatangopst8  costatay  Torell,  and  Agela- 
crinm  ?  Lindstromi,  Linnars.  In  addition  to  these  forms,  which  are 
i^arded  as  resulting  from  the  impressions  and  infill ings  of  the 
central  portions  of  Medusae,  the  author  attributes  the  peculiar 
spiral  casts  in  the  same  rocks,  named  by  Torell  Spiroscolex  spiralis, 
to  the  tentacles  of  Medusae. 

In  a  supplement  the  author  thinks  that  the  life-habits  of  the 
existing  genus  Polyclonia,  recently  described  by  Profs.  Moseley 
and  Agassiz,  tend  to  show  further  the  probability  of  the  Medusa- 
origin  of  these  fossils.  Folyclonia  lives  in  great  numbers  near 
the  muddy  bottom  of  cei*tain  seas,  and  its  movements  would  tend 
to  produce  the  Eophyton  markings,  whilst  it  has  also  the  habit  of 
taming  its  bell  uppermost,  and  this,  in  the  dead  specimens,  would 
fecilitate  the  entrance  of  sediment  into  the  gastric  cavity. 

The  facts  brought  forward  in  this  paper  indicate  at  least  great 
probability  that  the  author's  conclusions  are  correct,  and  he  may 
be  congratulated  on  having  carried  our  knowledge  of  the  existence 
of  these  organisms  back  from  Jurassic  to  Cambrian  times. 

G.  J.  H. 


26     Notices  of  Memoira—Dr.  Hector's  New  Zealand  Geology. 

II. — New  Zealand  Geology.  Reports  of  Geological  ExploratioM 
during  1879-80.  James  Hbotob,  M.D.,  F.R.S.,  Director. 
(Wellington,  1881.) 

THE  Geological  Survey  of  New  Zealand  appears  to  be  making 
good  progress.  During  the  season  1879-80  a  number  of 
important  explorations  have  been  made,  so  that  nearly  four  thousand 
square  miles  have  been  added  to  the  general  mapping  of  the  colony, 
mostly  in  the  Auckland,  Canterbury,  and  Otago  districts. 

Full  details  of  these  surveys  are  given  by  Messrs.  Cox  and 
McKay,  accompanied  by  maps,  sections,  and  lists  of  the  fossils 
collected.  In  a  prefatory  chapter  or  progress  report.  Dr.  Hector 
summarizes  the  general  results  of  the  work  done,  and  shows  the 
important  additions  they  have  made  to  the  knowledge  of  the 
geological  structure  and  economical  substances  of  the  districti 
examined,  and  introduces  some  remarks  on  the  comparison  of  the 
geology  of  New  Zealand  with  that  of  Australia,  and  gives  a  table  of 
the  fossiliferous  formations  of  the  two  countries. 

**  On  the  whole,  the  geological  record,  so  far  as  yet  known,  is  more 
complete  in  the  New  Zealand  than  in  the  Australian  area.  The 
Tertiary  strata  are  perhaps  equally  well  developed,  and  the  distin- 
guishing facies  of  each  existing  fauna  is  discernible  as  early  as  the 
Eocene  formations.  The  Upper  Mesozoic  formations  are  very 
imperfectly  represented  in  Australia,  but  have  enormous  develop- 
ment in  New  Zealand,  in  which  country,  as  in  Ameiica,  the  Tertiary 
facies  of  the  fauna  and  flora  springs  from  a  shore-line  and  land- 
surface  of  pre-Cretaceous  age.  This  is  the  period  of  the  chief  coal 
deposits  in  New  Zealand. 

"  It  was  in  the  Lower  Mesozoic  period  that  the  greatest  divergence 
in  the  character  of  the  deposits  prevailed  in  the  several  su-eas.  In 
Australia  marine  Jurassic  formations,  which  can  be  determined  by 
their  fossils,  are  not  extensively  developed,  while  the  characteristic 
fauna  of  the  Trias  has  not  yet  been  detected  (with  the  exception  of 
Estheria^  recently  noticed  in  the  core  excavated  by  the  <£amond 
drill  from  under  the  Sydney  sandstone) ;  fossil  plants,  which  are 
most  uncertain  guides,  being  alone  found  in  the  strata  which  most 
be  referred  to  that  period.  In  New  Zealand,  on  the  other  hand, 
three  divisions  of  the  Jurassic  formation  have  been  distinguished  by 
their  abundant  fossil  contents.  A  Liassic  formation  has  a  fair 
development,  while  an  Upper  Trias  or  Kheetic  formation  has  an 
importance  due  to  thickness  and  variety  of  fossils  which  is  unknown 
elsewhere.  The  Trias,  with  its  very  characteristic  molluscan  fauna, 
is  largely  developed,  and  also  occurs  in  New  Caledonia.  With- 
out any  marked  break  the  sequence  in  New  Zealand  passes  down 
into  a  thick  formation  with  Permian  fossils,  but  associated  with 
forms  found  in  the  Trias,  while  the  more  strictly  Palaeozoic  elements 
of  the  Permian  fauna  are  absent  This  is  followed  in  New  Zealand 
by  a  gap,  and  the  next  formation,  which  is  the  Lower  Carboniferous 
and  Upper  Devonian,  is  the  latest  formation,  according  to  our 
present  evidenoci  which  appears  to  have  been  common  to  Australia 
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nd  New  Zealand,  and  to  have  been  deposited  in  both  areas  under 
the  same  physical  conditions,  and  within  a  common  biological 
poTOoe. 

"The  attempt  to  correlate  the  lower  Mesozoio  formations  in  the 
two  conntries  is  therefore  a  matter  of  some  di£Gioulty ;  bat  as  plant- 
beds  oooar  at  intervals,  interstratified  with  the  marine  strata  of  New 
Zealand,  these  may  be  perhaps  yet  employed  successfully  as  indica- 
tioDs  of  relative  age. 

''  This  would  be  a  most  useful  labour,  as  the  strata  concerning  the 
age  of  which  there  is  so  much  uncertainty  are  in  Australia  and  India 
of  the  highest  economic  importance  from  their  containiug  workable 
cosl-eeams ;  but  while  the  Upper  Jurassic  flora  is  well  developed  in 
Kew  Zealand,  and  can  be  successfully  compared  with  that  of  cor- 
Riponding  age  in  Australia  and  India,  the  lower  plant-beds  of 
Bhi^  Triassic,  and  Permian  age  have  only  yielded  specimens  in  a 
btd  state  of  preservation.  The  following  attempt  at  a  tabular  com- 
panion of  the  age  of  the  formations  in  the  two  countries  is  there- 
fore not  made  alU^ther  on  palsBontological  evidence,  and  is  only  the 
Riding  of  the  Australian  record  from  the  New  Zecdand  point  of 
view,  so  ficu:  as  the  characters  and  subdivisions  of  the  Australian 
formations  have  been  described  by  various  authors. 

"TABLE  OF  FOSSILIFEROUS  FORMATIONS. 


Nbw  Zbalaxd. 

I.— RlCENT — 

Moa  beds. 
AlluTia. 
Volcanic. 
Shingle  plains. 

n.—PuocENB — 
Shingle  plains. 
pQinice  sands. 
Lignite  beds. 
Kererubeds. 

III.— Upper  MiocEm— 
Wanganui  beds. 
Awatere  beds. 

IV.— Lower  Miocemb— 
Boas  beds. 
Mangapakeha  beds. 
Pareorebeds. 

V — ^IJpPEU  EOCEXB — 

lit.  Brown  Beds. 
Oamani  beds. 
Nommolitic  beds. 

n.— Cbetaceo-Tehtiary— 
Grey  Marls. 
Ototara  stone. 
Focoidol  greensand. 
Amnri  limestone. 
Island  sandstone. 


Australia. 
Newer  gold  drift,  scuriuceous  lavas  of 
Victoria. 


Older   gold   drift  and   deep   leads   of 
Victoria.  • 


Limestones  of  South  Australian  Bight. 


Portland  beds  of  Victoria,  Murray  River 
beds. 


Schnapper  Point  beds  of  Victoria. 
Table  Cape,  Tasmania. 

New  Britain  P 
New  Caledonia. 
Queensland. 
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New  ZsAiiAND. 
Coal  Formation  of  NbwZxalaitd. 

Black  grit. 
Conglomerate. 
Propylite  breccias. 

VII. — Neocomian — 

Conglomerates  with  coal. 

Porphyries. 

Greenaands. 

VII. — JUKASSIC. 

Upper — 

Maturabeds. 

Coal  seams. 
Middle— 

Putataka  beds. 
Lower — 

Flag  Hill  beds. 

IX. — LlABSIC — 

Catlin's  Birer  beds. 
Bastion  beds. 

X. — Rh^stio  and  T&IA88Xa 
Otapiri  beds. 
Wairoa  beds. 

XI.  — Pebmian — 
Upper— 

Oreti  beds. 

Great  conglomerate. 

Great  sandstone. 
Lower — 

Mount  Potts  beds. 

Kaihiku  beds. 

Glossopteris  beds. 

Conglomerates. 

Red  Sandstones. 

Wanting  P 

XII. — Lower  Carboniferous. 

Maitia  slates. 
Te  Anau  beds. 


XIII. — Lower  Detonian- 
Reefton  beds. 

XIV. — Upper  Silurian — 
Baton  River  slates. 
Limestones. 
Serpentinous  slates. 

XV. — Lower  Silurian — 
Graptolites. 
Marbles. 
Hornblende  rocks.*' 


Australia. 


Flinders  Rirer  beds,  Queensland. 
New  Caledonia. 


Queensland,  VTest  Australia. 

Clarence  Rirer  Coal,  N.S.W. 

Jerusalem  coal,  Tasmania. 
Rajmahal  plant-beds,  India. 

Cape  Patersou,  Victoria. 

Queensland  P 

VTianamatta  shales,  N.S.W. 

New  Caledonia. 

Hawkesbury  sandstone. 
Conglomerate,  Lake  Macquarie  P 

Gondwana  series,  India. 

Newcastle  Coal  Measures,  N.S.W. 


[N.S.W. 
Stony  Creek  beds  and  WoUongong  beds, 

Port  Stephens  beds,  N.S.W. 

Tasmania. 

Gympie  Creek,  Queensland. 

Mumimbidgee  beds,  N.S.W. 


Tass  and  Hume  beds,  N.S.W. 
Gordon  Riyer,  Tasmania. 

Auriferous  slates  of  Victoria. 
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IIL— On  ths  Strata  between  the  Chillebford  Beds  and  the 

LOWKB     BOULDER-OLAY.        "  ThB    MuNDESLET     AND     WeBTLETON 

Beds."     By  J.  Prebtwioh,  M.A.,  F.RS.,  F.G.S.,  ProfesBor  of 
Geology  in  the  University  of  Oxford. 

(British  Association  Reports :  York  Meeting.) 

TTTHERE  a  particular  series  of  strata  presents,  in  adjacent  but 
YY  conterminous  areas,  markedly  different  palsaontological  and 
lithological  characters,  it  may  be  sometimes  convenient,  as  in  the 
case  of  the  **  Reading  and  Woolwich  Series,"  to  give  them  a  double 
geographical  term,  indicative  of  the  localities  where  each  type  is 
well  developed,  and  its  relation  to  the  overlying  and  underlying 
strata  well  shown. 

The  beds  between  the  Chillesford  Clay  and  the  Lower  Boulder- 
clay  present  such  a  series.  Its  exhibition  on  the  coast  of  Norfolk, 
although  very  limited,  is  accompanied  by  special  palsdontological 
features,  that  have  caused  it  to  be  divided  into  the  number  of  local 
beds  which  have  been  described  by  Trimmer,  Green,  Gunn,  Wood, 
and  Harmer,  the  author,  Reid,  Blake,  and  others.  It  includes  the 
'* Laminated  Clays"  of  Gunn,  the  "Bure  Valley  Crag"  of  Searles 
Wood,  the  "  Westleton  Shingle  "  of  the  author,  and  the  "  Rootlet- 
bed "  and  "  Norwich  Series "  of  Blake.  Without  reverting  at 
present  to  the  exact  correlation  of  the  several  beds  in  the  Norfolk 
area,  respecting  which  there  is  still  some  difference  of  opinion,  the 
author  suggests  that  they  should  be  included  under  a  general  term 
founded  on  the  localities  where,  on  the  one  hand,  their  varied 
palaeontological  characters  are  exhibited,  and  on  the  other,  where 
their  peculiar  petrological  characters  are  well  marked — characters 
which  the  author  proposes  to  show,  in  another  paper,  have  a  very 
wide  range,  and  serve  to  mark  an  important  geological  horizon  in 
some  interesting  questions  of  local  physical  geology. 

The  Mundesley  beds  were  described  by  the  author  in  1860,  and 
consist  of  alternating  beds  of  clay,  sands,  and  shingle,  some  contain- 
ing freshwater  and  others  marine  mollusca,  with  a  forest-growth  and 
mamroalian  remains  at  their  base;  and  again  in  1871,  including 
them  in  his  Westleton  group  (No.  5  in  the  author's  sections),  which 
he  showed  to  consist  entirely  of  great  masses  of  well-rounded 
shingle,  with  intercalated  seams  containing  traces  only  of  marine 
shells.  Seeing  the  inconvenience  of  attaching  the  same  term  to  the 
two  very  distinct  series  of  beds,  and  that  it  may  conflict  with  other 
local  terms,  the  author  now  proposes  to  group  this  series  under  the 
term  of  **  The  Mundesley  and  Westleton  Beds,"  indicative  of  their 
stratigraphical  position  in  Norfolk,  and  of  characters  in  Suffolk 
which  serve  to  trace  them  in  their  range  westward  and  inland  to 
considerable  distances  beyond  the  Crag  area,  to  which  alone  these 
beds  have  hitherto  been  restricted.  At  the  same  time,  it  may  be 
convenient,  for  brevity,  to  use  one  term  only  in  speaking  of  typical 
cases. 
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IV. — Some  Observations  on  the  Causes  of  Volcanic  Action. 
By  J.  Pbkstwioh,  M.A.,  F.R.S.,  etc.,  Professor  of  Geology  in  the 
University  of  Oxford. 

(British  Association  Reports :  Section  C.  York  Meeting.) 

CONSIDERABLE  difference  of  opinion  still  exists  as  to  the  cause 
of  volcanic  action.  The  hypothesis,  however,  generally  accepted 
in  this  country  is  that  of  the  late  Mr.  Poulett  Scrope,  who  considered 
that  ''the  rise  of  lava  in  a  volcanic  vent  is  occasioned  by  the 
expansion  of  volumes  of  high-pressure  steam,  generated  in  a  mass 
of  liquefied  and  heated  matter  within  or  beneath  the  eruptive  ori- 
fice." According  to  his  view,  the  expulsion  of  the  lava  is  effected 
solely  by  high-pressure  steam  generated  at  great  depths,  but  at 
what  depths  is  not  mentioned,  nor  is  it  explained  how  the  water 
is  introduced,  whether  from  the  surface  or  whether  from  water  in 
original  combination  with  the  basic  magma. 

The  objections  to  this  hypothesis  are — 1st.  That  during  the  most 
powerful  explosions,  i.e.  when  the  discharge  of  steam  is  at  its  maxi- 
mum, the  escape  of  lava  Is  frequently  at  its  minimum. 

2ndly.  That  streams  of  lava  often  flow  with  little  disengagement 
of  steam,  and  are  generally  greatest  after  the  force  of  the  first  violent 
explosion  is  expended. 

3rdly.  That  it  is  not  a  mere  boiling  over,  in  which  case,  after  the 
escape  of  the  active  agent — the  water — and  the  expulsion  of  such 
portion  of  the  obstructing  medium,  the  lava,  as  became  entangled 
with  it,  the  remaining  lava  would  subside  in  the  vent  to  a  depth 
corresponding  to  the  quantity  of  lava  ejected ;  but  the  level  of  the 
lava,  cateris  paribus,  remains  the  same  during  successive  eruptions. 
Of  the  important  part  played  by  water  in  volcanic  eruptions  there 
can  be  no  doubt,  but  instead  of  considering  it  as  the  primary,  the 
author  views  it  as  a  sec(mdary  cause  in  volcanic  eruptions. 

All  observers  agree  in  describing  ordinary  volcanic  eruptions  as 
generally  accompanied  or  preceded  by  shocks,  or  earthquakes,  of  a 
minor  or  local  character,  to  which  succeed  paroxysmal  explosions, 
during  which  vast  quantities  of  stones,  scoriae,  and  ashes,  together 
with  volumes  of  steam,  are  projected  from  the  crater.  The  first 
paroxysms  are  the  most  violent,  and  they  gradually  decrease  and 
then  cease  altogether.  The  flow  of  lava,  on  the  other  hand,  which 
commences  sooner  or  later  after  the  first  explosions,  is  continued 
and  prolonged  independently.  Ultimately  the  volcano  returns  to  a 
state  of  repose,  which  may  last  a  few  months  or  many  years. 

Adopting  the  theory  of  an  original  igneous  nucleus,  but  without 
going  into  the  controverted  question  of  the  present  state  of  that 
nucleus  and  the  outer  crust,  the  author  considere  a  certain  fluidity 
of  the  former,  and  mobility  of  the  latter,  or  of  a  portion  thereof, 
to  be  proved  by  the  facts  of  the  case.  The  one  and  the  other  feebly 
represent  conditions  of  which  the  phenomena  of  the  rocks  afford 
clearer  and  stronger  evidence  as  we  go  back  in  geological  time. 
Although  thermometrical  experiments  of  the  necessary  accuracy 
and  length  of  time  are  yet  wanting,  it  has  been  estimated  that  a 
small  quantity  of  central  heat  still  reaches  the  surface  and  is  lost 
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hj  radiation  into  space.  Besides,  it  is  evident  that  even  the  escape 
of  liquid  lava  and  steam  from  voloanos,  and  of  hot  springs  from 
these  and  other  souroes,  must  bring,  in  however  small  a  quantity,  a 
certain  increment  of  heat  from  the  interior  to  the  surface,  where  it 
18  lost.  This  should  lead  to  a  certain  contraction  at  depths,  and  of 
re-adjustment  of  the  external  crust,  in  consequence  of  which  the 
fused  masses  of  the  interior  will  from  time  to  time  tend  to  be  forced 
outwards,  whenever  tension  became  sufficient  to  overcome  resistance. 
In  this  the  author  agrees  with  many  other  geologists.  The  further 
hypothesis  respecting  volcanic  action  which  he  now  suggests,  he 
has,  however,  been  mainly  led  to  form  by  his  researches  on  under- 
ground waters,  and  may  be  stated  in  a  few  words  as  follows  : — 

A  portion  of  the  rain  falling  on  the  surface  not  only  of  permeable 
and  fissured  sedimentary  strata,  but  also  of  fissured  and  creviced 
crystalline  and  other  rocks,  passes  below  ground,  and  is  there 
transmitted  as  far  down  as  the  permeable  rocks  range,  or  as  the 
fissures  in  the  rocks  extend,  unless  some  counteracting  causes  inter- 
vene. Those  causes  are  the  occurrence  of  impermeable  rocks,  faults, 
and  heat.  The  former  two  are  exceptional,  the  latter  constant.  The 
increase  of  temperature  with  depth  being  V  Fahr.  for  every  50  to 
60  ft,  the  boiling-point  of  water  would  be  reached  at  a  depth  of 
about  10,000  ft,  but  owing  to  the  pressure  of  the  superincumbent 
rocks,  it  has  been  estimated  that  water  will  retain  its  liquidity  and 
continue  to  circulate  freely  to  far  greater  depths.  Unfortunately, 
very  little  is  known  of  the  substrata  of  volcanos.  Etna  and  Hecla 
apparently  stand  on  permeable  Tertiary  strata,  Vesuvius  on  Tertiary 
and  Cretaceous  strata,  while  in  South  America  some  of  the  volcanos 
are  seemingly  situated  amongst  Palaeozoic  and  crystalline  rocks. 
Under  ordinary  circumstances,  all  the  permeable  strata  and  all 
fissured  rocks  become  charged  with  water  up  to  the  level  of  the 
lowest  point  of  escape  on  the  surface,  or  if  there  should  be  an 
escape  in  the  sea-bed,  then  to  that  level,  plus  a  difference  caused 
by  friction. 

The  extreme  porosity  of  lavas  is  well  known.  All  the  water 
falling  on  the  surface  of  Etna  and  Vesuvius  (except  where  the 
rocks  are  decomposed  and  a  surface  soil  formed)  disappears  at  once, 
passing  into  the  fissures  and  cavities  formed  by  the  contraction  of  the 
lava  in  cooling.  Not  only  are  these  fissures  filled,  but  the  water 
lodges  in  the  main  duot  itself,  and  occasionally  rises  to  a  height  to 
fill  the  crater.  Beneath  the  mass  of  fragmentary  and  cavernous 
Yolcanic  materials  forming  the  volcano,  lies  the  original  compact 
mass  of  sedimentary  strata,  etc.  Owing  to  the  fortunate  circum- 
stance of  an  artesian  well  having  been  sunk  at  Naples,  we  know 
the  underlying  sedimentary  strata  there  to  consist  of  alternating 
strata  of  marl,  sands,  and  sandstones,  some  water-bearing,  others 
impermeable.  The  water  from  the  lowest  spring  reached  in  this 
boring,  rose  at  first  8  feet  above  the  surface,  and  81  feet  above  the 
sea-leveL  Where  the  strata  crop  out  in  the  sea-bed,  the  same 
pressure  of  the  column  of  inland  water  forces  the  f^esh  water 
oatwards^  so  as  to  form  a  fresh  water  spring  in  the  sea,  as  at 
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Spezzia  and  elsewhere  on  the  Mediterranean  coast.  It  is  this 
fuDdamental  hydrostatic  principle  which  keeps  wells  in  islands, 
and  in  shores  adjacent  to  the  sea,  free  from  salt  water,  as  in  the 
Isle  of  Thanet.  Where,  however,  the  head  of  inland  waters  is 
small  or  impeded,  sea- water  will  enter  the  permeable  strata,  and 
spoil  the  springs,  as  in  the  case  of  the  Lower  Tertiary  Sands 
at  Ostend,  and  the  Lower  Greensand  at  Calais  and  in  the  Somme, 
in  which  latter  department  the  underground  spring  was  found 
affected  to  a  distance  of  about  1  mile  from  the  sea,  but  pure  at  a 
distance  of  9  miles.  Further,  if  where  the  head  of  inland  water 
is  sufficient  to  force  back  the  sea-water  under  ordinary  conditions, 
these  ordinary  conditions  are  disturbed  by  pumping  to  an  extent  that 
lowers  the  line  of  water-level  to  below  that  of  the  sea-level,  then  the 
sea- water  will  flow  inwards  until  an  equilibrium  is  established. 
The  flow  of  water  under  a  volcanic  mountain  may  be  also  influenced 
by  the  quaquaversal  dip,  which  there  is  some  evidence  that  the  un- 
derlying strata  there  take,  owing  probably  to  the  removal  of  matter 
from  below,  and  the  weight  of  the  mountain.  If  we  are  to  assume 
that  the  volcanic  ashes  and  tufas  below  Naples  are  subaerial,  the 
original  land-surface  has  sunk  not  less  than  665  feet,  and  a  dip  of 
the  underlying  strata  from  the  seaward,  as  well  as  from  inland,  has 
in  all  probability  been  caused.  This  artesian  well  was  carried  to 
the  depth  of  1524  feet,  and  passed  through  three  water-bearing  beds 
— one  in  the  volcanic  ashes,  the  second  in  the  Sub-Apennine  beds, 
and  the  third  in  the  Cretaceous  strata  at  the  bottom. 

When  undisturbed,  the  underground  fissures  and  cavities  of  the 
volcanic  materials  forming  a  volcano  must  soon  become  filled  by 
the  infiltration  of  rain-water  from  the  surface,  while  the  strata 
on  which  they  rest  are  charged,  or  not,  with  water,  according  as 
they  are  permeable  or  impermeable  —  following  the  usual  laws 
aflecting  underground  waters.  No  eruption  of  lava  can  then  take 
place  without  coming  in  contact  with  these  underground  waters. 
The  first  to  be  affected  will  be  the  water  in  the  cavities  of  the 
mountain  in  and  around  the  crater.  As  the  pressure  of  the  ascend- 
ing column  of  lava  splits  the  crust  formed  subsequently  to  the 
preceding  eruption,  the  water  finds  ita  way  to  the  heated  surface, 
and  leads  to  explosious  more  or  less  violent.  When  the  fluid 
lava  breaks  more  completely  through  the  old  crust,  and  the 
mountain  is  fissured  by  the  force  and  pressure  of  the  ascending 
column,  the  whole  body  of  water  stored  in  the  mountain  suc- 
cessively flows  in  upon  the  heated  lava,  and  is  at  once  flashed 
off  into  steam.  Then  take  place  those  more  violent  detonations 
and  explosions — those  deluges  of  rain  arising  from  the  condensed 
steam — with  which  the  great  eruptions  usually  commence.  As  the 
more  superficial  waters  of  the  superincumbent  lavas  and  ashes  are 
exhausted,  the  springs  in  the  deeper  underlying  strata,  cut  through 
by  the  fissures  in  which  the  main  ducts  are  situated,  come  into  play, 
and  varying  with  the  pressure  consequent  on  the  rise  and  fall  of  the 
column  of  lava,  discharge  their  contents  more  or  less  rapidly  into 
those   ducts,   where,  when   they  reach   the  point,  when  pressure 
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permitB,  they  .flash  into  steam  and  rise  in  vast  hnhhles  of  vaponr  to 
the  snrfaoe  of  the  land.  Of  the  quantity  of  this  underground  water 
some  notion  may  be  formed  by  the  fact  that  the  deepest  of  tlie 
three  springs  under  Naples  discharged,  when  first  tapped,  two  cubic 
metres  (430  gallons)  per  minute.  The  water  may  piiss  in  bodily  in 
oonsequenoe  of  the  powerful  shocks  and  vibrations  shaking  and 
breaking  the  strata,  and  so  causing  masses  of  rock  to  fall  in  from 
ths  sides  of  the  main  duct,  accompanied  by  the  water  lield  in  the 
beds,  or  it  may  pass  in  by  capillarity,  for  it  is  well  known  that 
this  state  exercises  a  remarkable  influence  on  the  conditions  of 
equilibriam  on  the  two  sides  of  a  porous  body,  and  Mr.  Daubr^ 
has  shown  that  water  will  pass  through  sandstone  notwithstanding 
the  stronger  resistance  of  steam.  The  experiments  were  only  earned 
to  the  extent  of  a  steam-pressure  of  two  atmospheres,  but  it  was 
erident  that  the  limits  of  the  power  were  not  reached.  They 
farther  also  showed  that  heat  materially  increased  the  power. 
There  is  reason '  to  suppose  that  water,  under  the  considerable 
hydrostatic  pressures  that  exist  beneath  voicanic  mountains,  and 
assisted  by  capillarity,  may  flow  into  the  volcanic  ducts  with  facility, 
especially  when  aided  by  the  intermittent  relief  of  pressure,  afibrded 
by  the  rise  and  fall,  or  pulsations,  of  the  column  of  lava. 

As  the  underground  springs  fed  by  the  rainfall  are  exhausted  by 
tlie  expulsion  of  the  large  volumes  of  water  converted  into  steam, 
another  agent  comes  into  operation.  The  surplus  water,  one  portion 
of  which  usually  goes  to  feed  the  surface  springs,  while  another 
portion  passes  through  the  permeable  strata  into  the  sea-bed,  is 
not  only  removed,  but  the  level  of  the  underground  waters  in  the 
sedimentary  strata  is  so  lowered  that  the  hydrostatic  pressure  is  no 
longer  equal  to  that  exercised  by  the  column  of  sea- water,  so  that, 
instead  of  an  outflow  from  the  land,  an  inflow  from  the  sea 
necessarily  takes  place  through  the  same  channels  or  strata,  and 
thus,  taking  the  place  of  the  displaced  fresh- water,  finds  it  way  to 
the  volcanic  ducts.  It  is  only  when  from  the  exhaustion  of  the 
fresh-water  sources  and  the  impeded  access  of  sea-water,  whether 
owing  to  the  resistance  of  the  strata  or  to  a  decreasing  hydrostatic 
pressure,  that  the  lava  flows  quietly  and  unaccompanied  by  the 
violent  explosions  which  mark  the  commencement  of  an  eruption. 
If,  on  the  other  hand,  the  sea- water  gains  access  more  freely  through 
the  more  porous  volcanic  materials,  as  in  Stromboli  and  Kilauea,  a 
constant  volcanic  activity  may  be  maintained.  In  ordinary  cases, 
however,  where  the  inland  waters,  after  the  force  of  the  eruption  is 
expentled,  regain  the  ascendant,  they  again  exclude  the  sea-water, 
and  return  to  a  state  of  equilibrium,  which  lasts  until  the  strata  are 
again  disturbed  and  fractured  by  a  renewed  eruption  of  lava. 

In  conclusion,  the  author  conceives  tliat  the  first  cause  of  volcanic 
action  is  the  welling  up  of  the  lava  in  consequence  of  pressure  due 
to  slight  contraction  of  a  portion  of  the  earth's  crust.  Secondly,  the 
fluid  lava  coming  into  contact  with  water  stored  in  the  crevices  of 
the  masses  of  lava  and  ashes  forming  the  volcano,  the  water  is  at 
once  flashed  into  steam,  giving  rise  to  powerful  detonations  ooxd 
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explosions.  Thirdly  follows  an  influx  of  water  from  the  underlying 
seclimentary  or  other  strata  lying  at  greater  depths  into  the  ducts  of 
the  volcano  ;  and,  lastly,  as  these  subterranean  bodies  of  water  are 
thus  converted  into  steam  and  expelled,  the  exhausted  strata  then 
serve  as  a  channel  to  an  influx  of  sea-water  into  the  volcana 
A  point  is  finally  reached  when,  owing  to  the  cessation  of  the 
powerful  shocks  and  vibrations,  and  the  excessive  drainage  of  the 
strata,  the  flow  of  the  lava  is  effected  quietly,  and  so  continues  until 
another  equilibrium  is  established  and  the  lava  ceases  to  escape. 

I&  E  ^V'  I  E  "W  S. 


Illustrations  op  thk  Earth's  Surfaok.  Qlaoiers.  By  Prof. 
N.  S.  Shalkr  and  W.  M.  Davis.  4to.  pp.  198;  26  Plates. 
(Boston,  1881 :  J.  Osgood  &  Co.). 

alHlS  volume,  which,  according  to  the  preface,  is  designed  for 
students,  is  presented  to  us  with  such  a  luxury  of  appearance, 
and  wealth  of  illustration,  that  only  an  affluent  publishing  house  could 
display.  It  forms  the  first  of  a  series  destined  to  portray  the  actual 
features  of  the  earth's  surface  under  the  action  of  geological  agencies 
by  means  of  sun-pictures,  together  with  an  explanatory  commentary. 
The  idea  seems  to  us  a  happy  one.  In  the  present  case  advantage 
has  been  taken  of  the  admirable  views  of  Swiss  glaciers  which  are 
to  be  had,  owing  to  the  enterprise  of  photographers,  to  place  a 
selection  of  them  reproduced  by  the  heliotype  process  before  students 
and  the  geological  public;  such  being  chosen  as  are  most  typical  of 
glacial  phenomena.  A  few  from  India,  Colorado,  Norway,  eta,  are 
also  included. 

We  do  not  imagine  that  the  book  will  be  confined  to  students  in 
the  ordinary  sense  of  the  term  ;  it  is  suitable  for  and  will  doubtless 
be  found  on  many  a  drawing-room  table.  That  large  part  of  an 
intelligent  public  who  go  again  and  again  to  Switzerland  to  revel  in 
the  fascination  of  snow  and  ice  scenery,  will  find  in  the  views  of 
familiar  glaciers  what  will  bring  the  original  scene  vividly  before 
them,  while  in  the  letterpress  and  descriptions  are  pointed  out 
details  which,  perhaps,  they  did  not  notice,  and  of  which,  now,  for 
the  first  time,  they  see  the  meaning  and  importance. 

All  know  that  a  glacier  moves  ;  their  guides  will  not  fail  to  tell 
the  tourist  that,  and,  indeed,  this  fact  was  known  to  dwellers  in  the 
mountains  before  scientific  men  paid  any  attention  to  it  In  the 
twelfth  chapter  the  growth  of  our  knowledge  on  the  subject  of 
Glaciers  is  passed  in  review,  for,  to  use  the  author's  words,  "  the 
student  of  nature  will  find  that  the  best  way  into  any  science  is 
through  the  history  of  the  discoveries  that  have  made  it  a  science." 
In  the  opening  chapter  the  physical  phenomena  are  described;  in 
the  first  place,  those  of  the  existing  Swiss  glaciers ;  the  grotto  at 
the  lower  end  whence  issues  the  stream  of  water,  milky-white,  from 
the  abraded  mud,  which  has  been  the  result  of  friction  of  the  ice  oi 
of  stones  imbedded  in  it  like  graving  tools — the  dirt  bands,  moraines, 
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crorasBes,  seraos,  all  which  are  exemplified  in  the  heliotypes.  Wood- 
ont  dia^^rama  are  also  added  in  the  letterpress.  From  Switzerland 
the  anther  passes  to  Greenland,  describing  what  is  known  of  glaciers 
there,  and  their  icebergs.  They  seem  to  differ  in  many  things,  among 
others  the  comparative  absence  of  moraines. 

The  consideration  of  ice-floes  of  polar  coasts  and  the  Paladochrystic 
86a  leads  to  a  speculation,  in  opposition  to  the  views  of  geographers, 
that  "  the  Antarctic  continent  is  nothing  but  an  immense  sheet  of 
ioe,  such  as  the  Palieochrystic  sea  would  become  if  it  were  to  increase 
in  depth  until  it  fastened  to  the  bottom  of  the  sea.  Given  a  vast 
sheet  of  ice  wrapping  the  surface  of  a  circum-polar  sea,  supposing 
it  to  £^w  from  winter  cold  and  snow  more  rapidly  than  the  melt- 
ing of  the  water  could  remove  it,  the  result  would  be  that  the  ice- 
sheet  would  in  time  cleave  to  the  bottom  of  the  sea,  and  become  a 
true  glacier,  although  any  portion  of  its  bed  was  below  the  level  of 
the  water."  In  favour  of  this  hypothesis,  is  cited  the  southward 
pointing  of  the  southern  continents  and  the  gradual  falling  out  of 
land  towards  the  South  Pole. 

The  distribution  of  existing  glaciers,  of  former  ones,  and  of  glacial 
drifty  is  shown  by  a  map  specially  drawn  for  this  purpose  ;  we  notice 
that  no  signs  of  any  approach  the  tropics,  while  it  is  stated  in  the 
text  that  L.  Agassiz  withdrew  the  suggestion  that  he  once  hazarded 
about  remains  of  glaciation  in  the  Brazils.  It  is  claimed  for  North 
America  that  it  shows  the  most  extensive  development  of  glaciation  ; 
that  both  in  size  and  in  their  effects  the  glaciers  were  more  massive 
aud  powerful  than  those  of  Europe.  The  contrast  here  drawn  will 
be  of  interest  to  European  readers.  In  Europe  the  Glacial  Period 
brought  no  general  ice  envelope  except  in  its  most  northernmost 
parts,  but  in  North  America  quite  other  conditions  prevailed  :  here 
the  ice  lay  as  a  continuous  mass  stretching  down  from  the  polar 
regions  to  the  central  parts  of  the  continent,  overlapping  the  shores 
for  a  great  distance  to  the  south  along  the  coasts,  and  giving  a  con- 
tinuous though  irregular  ice-front  across  the  land  from  sea  to  sea. 
This  line  as  well  as  the  direction  of  glacial  striae  over  the  north  of 
the  continent  is  laid  down  on  a  second  map.  To  this  continuous 
ghicier  face  our  author  boldly  ascribes  the  origin  of  numerous  rock- 
basins.  The  surface  of  this  region  is  said  to  be  worn  into  the 
peculiarly  uneven  surface  that  glaciers  alone  can  produce.  Of  the 
myriad  lakes  that  lie  in  the  hollows  of  this  uneven  face  the  maps 
show  but  a  fraction.  It  is  asserted  that  running  water  could  never 
carve  a  lake-basin  in  such  rocks  as  occupy  this  region,  while  ice  is 
the  only  competent  agent  to  do  it  Great  force  must  be  given  to  the 
aigument  drawn  from  the  fact  that  rock-basins  only  exist  in  abun- 
dance where  glaciers  have  been  at  work,  and  in  New  England  their 
long  axes  lie  so  constantly  in  the  direction  of  the  flow  of  the  ice 
that  it  is  said  the  Indians  in  thick  weather  used  these  lines  of  direo- 
tioD  as  a  means  of  telling  the  position  of  the  North.  As  far  as 
the  thickness  of  the  ice  is  concerned,  it  is  indicated  by  the  following 
considerations :  the  ice  is  said  to  have  completely  covered  Mount 
Washington,  which  is  about  5000  feet  above  the  neighbouring  \;9\>W 
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lands  on  either  side.  Yet  the  ice  must  have  been  deep  enough  over 
the  summit  to  cause  the  current  to  disregard  the  obstacle,  for  in  the 
case  of  this  and  other  hills  the  glacial  strisB  pursue  a  straight  course 
up  the  northern  and  down  the  southern  flanks.  If  the  mountain  had 
only  been  buried  for  a  slight  depth  below  the  ice,  the  glacier  would 
have  been  deflected  to  either  side.  The  conclusion  is  therefore 
drawn  that  the  ice  was  more  than  a  mile  in  depth. 

When,  however,  an  explanation  has  to  be  given  of  the  movement 
of  the  ice-spread,  great  difficulties  are  met  with;  our  author  has, 
however,  the  courage  of  his  convictions.  These  difficulties  are 
enhanced  by  the  circumstance  that  there  is  no  slope  down  which  the 
ice  could  have  flowed,  in  fact  there  is  proof  of  a  depression  to  tlie 
north  in  glacial  times.  This  depression  has  only  been  studied  in 
detail  on  the  coast;  "at  its  southern  extremity  it  was  only  20  ft. ; 
at  Boston  it  seems  to  have  extended  up  to  fifty  or  eighty  feet ;  on 
the  coast  of  Maine  it  was  near  300  ft.  In  the  valley  of  L.  Cham- 
plain  it  was  as  much  as  360  ft;  in  Labrador  it  seems  to  have 
attained  1000  ft,  and  in  Greenland  there  are  reasons  for  thinking  it 
amounted  to  over  2000  ft."  Granting  this  subsidence,  which  is 
candidly  insisted  on  by  the  author,  the  difficulty  of  explaining  the 
motion  of  the  ice-sheet  by  the  action  of  gravity  is  well-nigh 
insuperable.  "The  only  way  in  which  gravitation  could  be  brought 
to  act  under  these  circumstances  would  be  by  the  heaping  up  of  the 
ice  in  the  northern  regions  to  so  great  a  height  that  the  slope  of  the 
upper  surface  to  the  south  would  be  as  great  as  that  which  suffices 
to  impel  ordinary  glaciers  down  their  declivities."  Certainly  the 
thickness  would  have  to  be  extraordinary  to  cause  a  movement  of 
the  glacial  sheet  over  say  ten  degrees  of  latitude  even  on  level 
ground,  still  more  "up  the  slope  which  the  depressed  lands  thus 
offered  to  the  ice."  The  author  rejects  this  theory,  for  to  give  a 
slope  of  over  one  degree  from  the  shores  of  Hudson's  Bay  to  New 
York  would  require  a  thickness  of  many  miles  at  the  source  of  the 
stream.  Some  other  explanation  has  to  be  sought,  for  the  icebt^rg 
theory  is  deemed  inadmissible.  Yet  drift  material  has  been  carried 
from  the  Lautentian  hills  to  Cincinnati,  at  least  500  miles;  and  the 
motion  would  seem  to  liave  been  so  consistently  in  one  direction  that 
where  the  ice  crossed  oblique  valleys,  there  is  scarcely  any  deflection 
of  the  striaB.  The  author  puts  forward  another  theory,  aSccording  to 
which  the  ice-sheet  as  a  whole  is  not  supposed  to  have  moved 
constantly  southward.  The  ice  came  on  gradually,  its  limit  extend- 
ing more  southward  year  by  year  till  the  culmination  was  reached. 
Only  the  immediate  fix)nt  might  move,  most  of  the  ice  added  yearly 
would  go  to  increase  the  thickness,  and  proportionally  so  the 
further  north.  Then  the  removal  of  the  excess  of  ice  would  take 
place  by  "  pressure-melting."  For  a  fuller  exposition  of  the  author's 
views  on  this  point,  see  pp.  146-7,  158-161.  We  here  indicate  only 
the  outline  of  the  argument.  Each  atmosphere  of  pressure  lowers 
the  melting-point  of  ice  by  -0025  of  a  degree  Fahr.  Therefore  if  the 
ice  was  near  the  freezing-point,  as  it  probably  would  be  under  a  thick 
sheet,  from  a  certain  amount  of  heat  derived  from  friction,  and  from 
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the  interior  of  the  earth,  the  weight  of  a  mile  of  ice  would  bring 
aboat  pressare  melting  at  the  bottom  of  the  glacier,  and  the  parts 
most  deeply  buried  would  from  time  to  time  be  crushed  into  water. 
This  water,  since  its  liquidity  was  due  to  pressure,  would  be  only 
free  to  move  until  it  obtained  a  point  where  the  pressure  would  be 
sufficiently  diminished  to  permit  its  return  to  the  solid  state.  There 
would  scarcely  be  any  crevices  in  ice  of  this  thickness,  the  result 
would  be  that  it  would  have  to  move  horizontally  along  the  junction 
of  ice  and  rock,  if  it  moved  at  all.  On  this  view  the  ice  did  not 
move  from  the  far  north  southward  as  ice,  but  was  driven  out  in  the 
form  of  water  made  liquid  by  pressure  and  friction.  The  erosive 
power  of  this  water  carrying  along  stones  and  urged  by  the  pressure 
of  the  ice  is  considered  as  necessarily  great.  Besides  other  failings, 
this  theory  seems  to  us  to  ascribe  too  much  of  the  characteristic 
glacial  erosion  to  what  is  practically  the  movement  of  water  rather 
than  of  ice.  It  must  be  added  that  it  is  acknowledged  by  the  author 
as  imperfect.  A  full  explanation  of  this  great  continental  ice- sheet, 
if  it  existed,  has  yet  to  be  given.  It  is  pointed  out  that  its  analogue 
mast  be  sought  in  Greenland,  but  of  the  movements  of  the  ice-fields 
there  little  is  known. 

We  have  passed  over  the  discussion  on  the  causes  of  the  movement 
of  the  Swiss  glaciers,  which  we  set  down  in  tabular  form  with 
objections  and  criticisms  in  a  way  that  will  be  of  great  aid  to 
students.  Similarly  of  the  causes  which  have  acted  in  bringing 
about  gleuinal  periods.  Dr.  Groirs  views  are  accepted  in  the  main, 
that  the  last  glacial  period  was  probably  about  240,000  years  ago — 
a  time  of  great  eccentricity,  while  according  to  this  theory  it  ought 
to  contain  mild  interglacial  periods  in  either  hemisphere  alternately. 
We  would  direct  readers  to  the  chapter  on  the  relation  of  glaciation 
to  Man,  as  one  full  of  interest.  Tlie  discovery  of  the  Calaveras 
skull  in  California,  in  gravel  beneath  lava  currents,  both  of  which 
are  older  than  the  existing  drainage  channels,  is  quoted  from  Prof. 
Whitney's  original  description.  It  is  clear  then  that  here  Man  was 
Pre-Glacial  if  not  Pliocene.  Hence,  as,  according  to  Croll's  hypo- 
thesis, the  last  glacial  period  began  about  240,000  years  ago,  and 
commenced  to  pass  away  about  80,000  years  ago,  while  the  Pliocene 
preceded  the  former  in  time,  it  follows  that  Man  in  California  must 
liiive  had  that  exceeding  antiquity.  Our  author  seems  not  to  shrink 
from  this  conclusion. 

In  the  chapter  on  Ancient  Glacial  Periods  will  be  found  a  further 
extension  of  the  argument  from  striated  boulders  than  we  are 
accustomed  to.  It  wonld  seem  that  any  great  thickness  of  con- 
glomerate is  taken  as  prima  facie  proof  of  the  existence  of  glaciers, 
even  though  striae  may  not  have  been  seen  on  the  boulders.  There 
are  said  to  be  not  less  than  a  dozen  periods  where  we  have  more  or 
less  evidences  of  ice-action.  We  read,  e.g,  not  only  of  Miocene  and 
Permian  glaciers,  but  of  Eocene,  Triassic,  Carboniferous,  and  Cam- 
hrian.  The  Carboniferous  conglomerate  series  contain  intercalated 
beds  of  coal,  a  proof  that  the  period  was  not  one  of  general  coM. 

The  chapter  on  certain  effects  of  glaciers,  and  their  relatioti  \/i 
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soils,  eta,  is  snggestive.  The  soil  of  drift  districts  is  contrasted 
with  those  formed  by  degradation  of  rock  in  sitH,  the  latter  being 
less  thick  is  more  rapidly  exhausted  by  farming  operationa.  From 
the  grey  or  blue  colour  of  glacial  mud,  as  compared  with  river 
detritus,  a  hint  is  thrown  out  that  many  of  the  clays  forming  the 
lifeless  blue  shales  of  former  periods  may  have  come  from  glacial 
streams. 

Many  other  points  in  the  volume  we  have  to  leave  unnoticed.  It 
will  be  seen,  however,  that  though  designed  for  the  use  of  students, 
and  containing,  in  condensed  form,  just  the  information  they  require, 
it  is  far  more  than  a  mere  text-book.  It  abounds  with  original 
suggestions  resulting  from  a  wide  survey  of  facts.  A  bibliography 
is  also  a  useful  feature.  The  volume  is  the  first  of  a  series ;  we  are 
promised  companion  volumes  on  Mountains,  Volcanos  and  Earth- 
quakes, Lakes  and  Plains,  Rivers  and  Valleys,  the  Sea  and  its 
Shores,  Structure  of  Rocks,  and  Effects  of  Life.  As  Dii-ector  of  the 
Kentucky  Survey,  the  author  has  had  much  opportunity  of  studying 
a  wide  and  varied  country,  while  from  the  treatment  of  the  subject 
of  glaciers  we  may  look  forward  to  many  pungent  views  and  always 
a  suggestive  line  of  thought.  We  hope  that  author  and  publisher 
may  be  able  to  bring  out  the  series  with  as  little  delay  as  possible. 
Continued  on  the  same  plan,  they  will  certainly  form  a  mass  of 
gorgeous  illustration  of  geological  phenomena  in  a  very  accessible 
shape. 

We  should  add  that  the  senior  author  is  responsible  for  the  letter- 
press, while  Mr.  Davis  has  selected  and  written  the  explanation  of 
the  Plates.  T. 
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L—November  16,  1881.— R.  Etheridge,  Esq.,  F.R.S.,  President, 
in  the  Chair. 

Prof.  Hughes  made  a  brief  statement  in  reference  to  the  Bologna 
Congress,  which  will  be  found  more  fully  expressed  in  the  Decem- 
ber, 1881,  Number  of  the  Geological  Magazine  by  Mr.  Wm. 
Topley,  F.G.S.,  Secretary  to  the  British  Section  of  the  Congress. 

Dr.  T.  Sterry  Hunt  gave  some  account  of  the  pre-Cambrian  or 
Eozoic  rocks  of  Europe  as  compared  with  those  of  North  America. 
He  had  on  several  occasions  studied  them,  both  on  the  continent  and 
in  the  British  Isles,  especially  with  Dr.  Hicks  in  Wales  in  1878. 
In  North  America  the  recognized  base  is  a  highly  granitoid  gneiss, 
without  observed  limestones,  which  he  has  called  the  Ottawa  gneiss, 
overlain,  probably  unconformably,  by  the  Grenville  series  of  Logan, 
consisting  chiefly  of  granitoid  gneisses,  with  crystalline  limestones 
and  quartzites.  These  two  divisions  made  up  the  Laurentian  of 
Canada,  and  correspond  respectively  to  the  Lewisian  and  the  Dime- 
tian  of  Hicks.  Resting  in  discordance  on  the  Laurentian,  we  find 
areas  of  the  Norian  or  Labrador  series  (Upper  Laurentian  of  Logan), 
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oliiefly  made  up  of  anortholite  rocks,  granitoid  or  gneissoid  in 
texture,  with  aome  true  gneisses.  The  Huronian  is  seen  to  rest  un- 
oonformably  on  the  Laurentian,  fragments  of  which  abound  in  the 
Huronian  oonglomerates.  To  the  lower  portion  of  the  Huronian 
the  speaker  had  formerly  referred  a  great  series  of  petrosilex  or 
balleflinta  rocks,  described  as  inchoate  gneisses,  passing  into  petro* 
silex-porphyries,  occasionally  interstratified  with  qnartzites.  This 
series,  in  many  places  wanting  both  in  Europe  and  America,  he  is 
now  satisfied  forms  an  underlying  unconformable  group — the  Arvo- 
nian  of  Hicks.  Above  the  Huronian  is  the  great  Montalban  series, 
consisting  of  grey  tender  gneisses  and  quartzose-schists,  both 
abounding  in  muscovite,  occasionally  with  hornblendic  rocks.  The 
Pebidian  of  Hicks  includes  both  the  Huronian  and  the  Montalban, 
to  which  latter  belong,  according  to  the  speaker,  certain  gneisses 
and  mica-schists  both  in  Scotland  and  in  Ireland,  as  he  had  many 
years  since  pointed  out  In  some  parts  of  North  America  he  found 
the  Montalban  resting  unconformably  on  Laurentian.  Above  the 
Montalban  comes  the  Taconian  (Lower  Taconic  of  Emmons),  a 
series  of  qnartzites  and  soft  micaceous  schists,  with  dolomites  and 
marbles.  All  these  various  series  are  older  than  the  Lower 
Cambrian  (Menevian)  strata  of  North  America;  and  it  may  be 
added  that  the  Keweenian  or  great  copper-bearing  series  of  Lake 
Superior  there  occupies  a  position  between  the  Montalban  and  the 
Cambrian. 

In  the  Alps  the  speaker  recognizes  the  Laurentian,  Huronian,  and 
Montalban,  all  of  which  he  has  lately  seen  in  the  13iellese,  at  the 
foot  of  Mount  Yiso,  in  Piedmont.  The  Huronian  is  the  great  pietre 
verdi  group  of  the  Italians,  and  much  of  what  has  been  called 
altered  Trias  in  this  region  is,  in  his  opinion,  probably  Taconian. 
The  Montalban  forms  the  southern  slope  of  Mont  St.  Gothard,  and 
is  the  muscovite  gneiss  and  mica-schist  of  the  Saxon  Erzgebirge. 
Here  Dr.  Credner  and  his  assistants  of  the  Geological  Survey  have 
described  abundant  conglomerates  holding  pebbles  of  Laurentian 
rocks  imbedded  in  the  Upper  or  Montalban  gneiss.  The  pre- 
Cambrian  age  of  this  has  been  shown  by  Credner,  who  has  proved 
by  careful  survey  that  the  so-called  younger  or  PalaBOzoic  gneisses  of 
Naumann  are  really  but  a  continuous  part  of  the  older  series.  Late 
surveys  also  show  that  the  crystalline  rocks  of  the  Taunus  are 
really  Eozoic,  and  not,  as  formerly  maintained,  Devonian  in  age. 

The  speaker  insisted  upon  the  fact  that  where  newer  strata  are 
in  unconformable  contact  with  older  ones,  the  effect  of  lateral  move- 
ments of  compression,  involving  the  two  series,  is  generally  to  cause 
the  newer  and  more  yielding  strata  to  dip  towards  and  even  beneath 
the  edges  of  the  older  rock,  a  result  due  to  folds,  often  with  inver- 
sion, sometimes  passing  into  faults.  This  phenomenon  throws  much 
light  on  the  supposed  recency  of  many  crystalline  schists. 

The  following  communications  were  read  : — 

1.  "  Additional  Evidence  on  the  Land  Plants  from  the  Pen-y-glog 
Slate-quarry,  near  Corwen."     By  Henry  Hicks,  Esq.,  M.D.,  F.G.S. 

The  author  stated  that  since  the  date  of  his  former  paper  (Quart. 
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Joum.  Oeol.  Soc.,  August,  1881)  he  had  ascertained  that  plant- 
remains  occurred  in  the  slaty  beds  down  to  the  base  of  the  quarry, 
though  much  obscured  by  cleavage.  The  larger  specimens  are  in  the 
form  of  anthracite.  Mr.  Carruthers  states  that  there  is  sufficient  evi- 
dence to  show  that  they  are  the  remains  of  vascular  plants,  with  some 
resemblance  to  the  LycopodiacesB.  Some  of  the  fragments  are  from 
4  to  5  inches  wide,  and  the  author  had  traced  trunks  some  feet  in 
length.  He  thought  they  had  drifted  to  the  position  where  they 
were  now  found.  Leaf-markings  generally  are  not  preserved ;  hot 
from  the  wrinklings  still  remaining  on  some  specimens,  he  thought  it 
probable  they  had  been  covered  with  leaves  spirally  arranged.  Some 
fragments  show  scars  arranged  irregularly  on  the  surface  ;  probably 
these  are  fragments  of  roots.  The  plant  seems  to  some  extent  to 
combine  the  characters  of  Stigmaria,  SigiUaria,  and  Lepidodendron. 
Further  details  of  the  appearance  of  the  specimens  were  given.  For 
one  which  appears  to  differ  from  all  hitherto  described  he  proposes 
the  name  of  Berwynia  Carruthersii. 

2.  *'  Notes  on  Prototaxites  and  Paehyiheca  from  the  Denbighshire 
Grits  of  Corwen,  North  Wales."  By  Principal  Dawson,  LL.D., 
F.R.S.,  F.G.S. 

The  author  stated  that  he  had  obtained  specimens  of  the  Plant- 
remains  from  near  Corwen,  and  that  among  them  there  were  two  kinds, 
one  dark,  the  other  light-coloured.  In  the  former,  the  long  cells 
and  woody  fibres  are  filled  with  rods  of  transparent  siliceous  matter, 
and  the  walls  represented  by  a  thick  layer  of  carbon.  The  lighter 
kind  consists  of  the  siliceous  rods  alone,  which  are  thus  in  the  same 
state  as  the  asbestos- like  silicified  Coniferous  wood  of  the  Californian 
gold -gravels.  In  both  the  siliceous  rods  show  traces  of  the  irregu- 
larly spiral  ligneous  lining  of  the  oell  walls.  From  these  and  other 
characters  the  author  refers  the  specimens  to  his  genus  PrototaxiUs, 
which,  he  says,  is  not  an  Alga,  but  a  woody  terrestrial  plant.  The 
author  did  not  state  that  Prototaxites  actually  belonged  to  the 
Taxineas,  but  that  its  fossilized  wood  showed  a  resemblance  to 
that  of  some  fossil  Taxiness.  The  remains  discovered  by  Dr.  Hicks 
differ,  as  already  recognized  by  Mr.  Etheridge,  from  Prototaxites 
Logani,  Daws. ;  and  the  species  may  be  named  P,  Hicksii, 

Of  Paehyiheca  the  author  stated  that  he  had  specimens  from  the 
Upper  Silurian  of  New  Brunswick,  and  these  and  the  Welsh  specimens 
seem  to  belong  to  the  genus  Mtheotesta,  Brongn.,  and  to  be  nearly 
allied  to  ^.  devonica.  Daws.,  from  the  Devonian  of  Scotland.  These 
fossils  occur  associated  with  Prototaxites,  not  only  at  Corwen,  but  in 
the  Upper  Ludlow  of  England,  in  the  Upper  Silurian  of  Cape  Bon 
Ami,  and  in  the  Lower  Devonian  of  Bordeaux  quarry  opposite 
Carapbellton  in  New  Brunswick,  and  as  the  author  maintains 
^theotesta  to  be  a  seed,  and  Brongniart  compared  it  with  the  seeds 
of  the  TaxiiiesB,  this  may  be  taken  as  an  additional  evidence  in  favour 
of  the  Taxine,  or  at  any  rate  Gyranospermatous  nature  of  Proto- 
taxites, 

Prof.  Judd  stated  that  he  exhibited,  on  behalf  of  Mr.  Thiselton 
Dyer,  two  sections  of  Pachytheca,     Mr.  Thiselton  Dyer  regretted 
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that  he  was  unable  to  be  present  at  the  Meeting,  but  had  sent  Prof. 
Jadd  a  letter,  from  which  he  read  the  following  extract : — 

"  I  have  to  thank  you  for  drawing  my  attention  to  the  paper  and 
discoBsion  in  the  Aagust  number  of  the  Quarterly  JournaL  Having 
read  this,  I  venture  to  think  that  the  specimens  which  I  am  placing 
in  your  bands  n:iay  be  found  of  some  importance  if  exhibited  at  the 
meeting. 

"  Their  history  is  briefly  this.  Some  time  ago  Sir  Joseph  Hooker 
received  from  Mr.  Grindrod  a  number  of  specimens  of  Pachytheca 
in  situ  on  pieces  of  rock.  As  these  examples  of  the  fossils  were 
apparently  well  preserved,  two  or  three  were  detached  and  intrusted 
to  Mr.  Norman,  who  made  the  sections  which  are  now  in  your 
hands.  Sir  Joseph  Hooker  did  not  see  his  way  to  any  definite 
conclusion  as  regards  the  structure  which  they  exhibited.  He, 
however,  allowed  me  to  examine  them,  and  they  have  since  remained 
in  my  possession.  The  conclusion  which  I  arrived  at  was  that  their 
structure  agreed,  in  general  plan,  with  that  of  Codium,  as  shown 
in  Eutzing,  '  Phycologia  Generalis,*  pi.  42,  f.  1. 

**  As  a  possible  algal  nature  has  been  suggested  for  Pachytheca  by 
Mr.  Etheiidge,  I  think  it  may  not  be  considered  presumptuous  on 
my  part  to  now  state  that  I  have  been  of  opinion,  ever  since  I 
studied  the  sections,  that  ProtoUixiies  and  Pachytheca  are  both 
referable  to  the  same  morphological  type  of  structure.  The  radiating 
cells  in  the  latter  terminate  internally  in  loosely  interlacing  slender 
filaments,  with  which  the  central  cavity  has  been  apparently  filled. 
Pachytheca  does  not  resemble  any  type  of  sporangium  with  which  I 
am  acquainted ;  the  structure,  as  displayed  in  the  specimens,  has 
a  certain  resemblance  to  that  of  the  sporocarp  of  Pilularia ;  but  I 
cannot  reconcile  what  I  have  seen  of  it  with  the  supposition  that 
it  was  a  reproductive  structure  belonging  to  any  type  of  vascular 
cryptogam. 

"  According  to  the  views  which  I  take  of  Pachytheca,  it  was  an  algal 
organism,  closely  resembling  in  essential  structure  a  diminutive 
Codium,  but  with  the  peripheral  cells  branched  instead  of  simple. 
1  do  not  see  any  evidence  to  lead  me  to  suppose  that  it  was  related 
to  Prototaxites  as  a  sporangial  organ.  The  existence  of  Prototaxites 
on  modem  biological  views  necessarily  implies  the  existence,  at 
some  time  or  other,  of  allied  forms ;  and  I  do  not  see  why  Pachytheca 
should  not  have  been  a  contemporaneous  one.   Kew,  Nov.  15th,  1881." 


IT.— December  7,  1881. — R.  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. 

Mr.  W.  Topley  made  a  statement  respecting  the  International 
Geological  Congress  at  Bologna,  which  has  already  appeared  in  the 
Gkological  Magazine  for  December,  1881,  pp.  5^7-561. 

Prof.  Judd,  at  the  request  of  Professor  John  Milne,  of  the  Imperial 
Engineering  College  of  Tokio,  Japan,  called  tlie  attention  of  the 
ineml)er8  of  the  Society  to  the  important  work  now  being  canied 
on  by  the  Seismological  Society  of  Japan.     The  objects  at  which 
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this  Society  chiefly  aimed  at  were  (1)  the  preparation  from  ancient 
Japanese  records  of  a  reliable  Earthquake-Catalogue ;  (2)  the  testing 
of  various  instruments  devised  for  seismographical  inquiries ;  (3)  the 
careful  observation,  at  as  many  points  as  possible,  of  the  elements  of 
the  earthquake-movements ;  (4)  the  measurement  of  the  amount  of 
elevation  and  depression  of  areas  during  earthquake-shocks.  Already, 
by  the  labours  of  this  Society,  seismographs  had  been  supplied  to 
many  of  the  telegraphic  stations  in  Japan,  and  valuable  results  had 
been  obtained.  The  Seismological  Society  of  Japan  was  founded 
before  that  of  Switzerland.  Geologists  could  become  members  of 
the  Seismological  Society  of  Japan  (which  stands  greatly  in  need  of 
help)  by  an  annual  payment  of  £1,  which  will  entitle  them  to 
receive  the  whole  of  the  publications  of  the  Society.  Prof.  Judd 
was  prepared  to  receive  the  names  of  members  on  behalf  of  Prof. 
Milne. 

The  following  communications  were  read : — 

1.  "  The  Zones  of  the  Blackdown  Beds  and  their  Correlation  with 
those  at  Haldon,  with  a  List  of  the  Fossils."  By  the  Rev.  W. 
Downes,  B.A.,  F.G.S. 

The  author,  after  some  remarks  on  the  inexact  way  in  which  fossils 
had  been  collected  from  or  referred  to  the  Blackdown  beds,  and  a 
sketch  of  the  literature  of  the  subject,  passed  on  to  a  correlation  of 
the  Blackdown  beds  with  deposits  in  other  localities.  He  pointed 
out  that  they  do  not  contain  a  sufBcient  number  of  species  in 
common  with  the  Mame  de  Bracquegnies  to  justify  an  identifi- 
cation with  this.  He  compared  them  with  the  Haldon  beds,  and 
by  a  comparison  of  the  fossils  l)ed  by  bed,  showed  that  of  196 
Blackdown  species  (omitting  a  few  corals),  50  occur  at  Haldon  ;  the 
latter  section,  however,  represents  not  the  whole,  but  only  the  upper 
part  of  the  former,  nine  beds  in  the  lower  part  of  it  being  without 
representatives  at  Haldon.  Here  also  the  higher  beds  contain  a  thin 
band  distinguished  by  a  distinct  and  all  but  unique  fauna  (the  zone 
containing  the  corals  described  by  Prof.  Duncan).  Comparing  the 
Blackdown  beds  with  lists  of  Cretaceous  fossils  from  other  localities, 
it  would  appear  that  we  have  neither  exclusively  Upper-Greensand 
forms  at  the  top,  nor  exclusively  Lower- Green  sand  forms  at  the 
bottom,  nor  exclusively  Gault  forms  in  the  middle. 

2.  "  On  some  new  or  little-known  Jurassic  Crinoids."  By  P. 
Herbert  Carpenter,  Esq.,  M.A.  Communicated  by  Prof.  P.  Martin 
Duncan,  M.B.  Lond.,  F.R.S.,  F.G.S. 

The  author  first  described  in  detail  a  species  from  the  Great 
Oolite,  principally  of  Lansdown,  and  hence  known  as  the  "  Lans- 
down  Encrinite."  It  was  described  in  1828  by  Dr.  J.  E.  Gray  as 
Encrtnites  (Apiocrtnitea)  Prattii,  and  subsequently  by  Goldfuss  as 
Apiocrinitea  obconicuSj  and  by  D'Orbingy  as  Millericrinus  ohconicvs, 
whilst  Bronn,  in  1848,  recorded  it  as  Millericrinus  Pratii,  The 
stem  varies  greatly  in  length  and  in  the  number  of  its  joints  :  and 
from  the  characters  presented  by  the  fossils,  the  author  came  to  the 
conclusion  that  the  species  was  either  pedunculate  or  free,  and  he 
cited  various  examples  of  nearly  allied  pedunculate  and  free  Crinoids. 
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The  general  aspect  of  the  calyx,  the  component  plates  of  which  were 
described  in  detail,  is  exceedingly  pentacrinoid,  whether  it  is  viewed 
from  the  side  or  from  above;  and  the  arm-joints  are  short  and 
nearly  oblong  in  outline,  having  pinnules  alternately  upon  opposite 
sides.  The  nearest  allies  of  MiliericrinuB  Pratti  are  M.  Nodotianus^ 
d'Orb.,  and  the  var.  Buehtanm  of  M,  Munaterianus ;  and  of  Penta- 
mm  the  one  which  most  resembles  it  hi  the  characters  of  the 
calyx  is  the  North- Atlantic  P.  Wyville-TlioiMoni. 

The  remainder  of  the  paper  was  devoted  to  the  description  of  two 
Jurassic  Comatulad,  namely,  Antedon  eoUovienna,  from  the  Eellowny 
Bock,  described  before  the  Society  on  June  22,  1881,  and  a  new 
Bpedes,  Antedon  laHradia,  from  the  Great  Oolite  of  Bradford. 

8.  "  Notes  on  the  Polyzoa  of  the  Wen  lock  Shales,  Wenlock  Lime- 
stone and  Shales  over  the  Wenlock  Limestone.  From  material 
supplied  by  Q.  Maw,  Esq.,  P.L.S.,  P.G.S."  By  G.  E.  Vine,  Esq. 
Communicated  by  Dr.  H.  C.  Sorby,  F.RS.,  V.P.G.S. 

The  author  has  received  from  Mr.  Maw  about  1^  hundredweight 
of  materials  washed  out  of  the  Wenlock  deposits  of  Shropshire, 
representing  the  contents  of  from  6  to  8  tons  of  unwashed  material. 
From  this  material  he  extracted  the  specimens  of  Plants,  Actinozoa, 
Eohinodermata,  Orustjacea,  and  Polyzoa,  and  he  gave  a  tabular 
synopsis  of  the  species  and  their  distribution,  with  the  addition  of 
types  from  the  Wenlock  Limestone  and  of  the  species  of  Brachiopoda 
referred  to  in  a  paper  by  Messrs.  Maw  and  Davidson  in  the  Geo- 
logical Magazine  for  1881. 

With  regard  to  the  Polyzoa,  the  author  remarked  that  below  the 
Cretaceous  series  the  two  great  divisions  of  Cheilostomata  and  Cyclo- 
stomata  do  not  hold  good,  and  suggested  that  the  classification  of 
Palaeozoic  Polyzoa  should  be  based  on  the  arrangement  and  character 
of  the  cells  in  combination  with  habit.  The  forms  characterized  in 
the  present  paper  were: — Stomatopora  diasimilis,  Vine,  and  vars. 
tlongata  and  eompreasa,  Ascodtctyon  steVatum,  Nich.  &  Eth.,  A,  radi- 
dforme,  sp.n.,  A.  filiforwe,  sp.n.  ?,  Spiropora  regularis,  sp.n.,  S. 
intermedia,  Vine,  Diastopora  con$imili8f  Lonsd.,  Ceiiopora,  Goldf , 
Eomera  craaaa,  Lonsd.,  IT,  ?  delicatula,  sp.n.,  Polypora*^  problematira, 
sp.n.,  Fenestella  prisca,  Lonsd.,  Glauconome  disticha,  Goldf.,  Ptilo- 
didya  lanceolata,  Lonsd.,  P.  Lonsdaleif  sp.n.  (  =  P.  lanceolaia, 
anctt.),  P.  icalpellum,  Lonsd.,  P,  interporosa,  Vine,  and  P.  minuia, 
Vine. 


OOI&I&ESI=>OIiTDEIiTOES. 


THE   SUDDEN  EXTINCTION  OF  THE  MAMMOTH. 

Sm, — In  speaking  of  **  the  old  and,  I  had  hoped,  extinct  theory 
of  riolent  changes  and  the  sudden  extennination  of  a  species,"  I 
intended  to  have  said  extinct  in  England ;  for  no  one  acquainted  with 
continental  opinion  would  venture  to  call  it  extinct  there,  though 
St  last  foreign  geologists  are  beginning  to  abandon  such  misleading 
terms  as  "Diluvium"  for  the  deposits  known  in  this  country  as 
Pleistocene.     It  may  be  from  too  exalted  a  view  of  the  advances 
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recently  made  in  this  country  that  the  conclusion  has  been  arrived 
at,  but  my  impression  after  reading  a  number  of  foreign  papers  is 
that  for  this  particular  period  we  are  a  good  deal  in  advance  of  most 
other  nations.  The  wonderful  variety  of  the  beds  in  Britain,  their 
fossiliferous  character,  and  the  splendid  series  of  cliff  sections  and 
caves  in  our  islands  has  given  us  unequalled  opportunities  for  the 
study ;  opportunities  well  used  by  such  careful  observers  as  Lyell, 
Prestwich,  Kamsay,  Geikie,  and  Boyd  Dawkins.  In  most  parts  of  the 
Continent  the  Pleistocene  deposits  appear  to  be  represented  by  one 
tolerably  uniform  mass,  like  the  Loess  of  the  Ehine  or  the  Tundras 
of  Siberia ;  but  in  England  we  have  beds  showing  great  alternations 
of  climate,  but  gradual  changes  allowing  time  for  the  migration  of 
species. 

Frozen  carcases  of  Mammoth  and  Bhinoceros  were  spoken  of  as 
of  occasional  occurrence,  for  the  greater  number  that  are  found  are 
merely  skeletons,  or  portions  of  skeletons,  from  which  the  flesh  has 
long  decayed.  The  extermination  of  the  Mammoth  in  Britain  and 
Germany  may  be  referable  to  human  agency,  while  in  Siberia  it  was 
gradually  killed  by  the  increase  of  cold  and  want  of  food — there  is 
as  yet  no  evidence  that  the  extinction  in  the  different  districts  was 
simultaneous.  A  change  of  temperature  of  1°  in  a  century  would  be 
extremely  rapid  from  a  geological  point  of  view ;  but  Mr.  Howorth 
would  bring  into  play  a  change  of  probably  20°  in  a  few  .months. 
At  present  only  two  modes  are  known  by  which  a  marked  alteration 
of  the  climate  can  be  brought  about,  extensive  modification  in 
physical  geography  and  astronomical  changes  ;  but  both  these  would 
be  of  slow  operation,  and  unless  a  strong  case  can  be  made  out,  we 
can  scarcely  accept  a  sudden  fall  of  temperature  refemble  to  no 
known  cause. 

Perhaps  Mr.  Howorth,  as  an  antiquary,  is  inclined  to  pay  more 
attention  to  authority  than  a  field  geologist  is  likely  to  do ;  but  the 
training  on  the  Geological  Survey  is  such  as  to  lead  one  to  believe 
nothing  we  are  told  and  only  half  what  we  see.  Of  course,  if 
we  accept  such  authorities  as  Cuvier,  Buckland,  and  d'Archiac  as 
examples  of  modern  opinion,  diluvial  theories  are  still  in  full  vigour. 
But  the  systematic  study  of  Pleistocene  Geology  only  commenced 
about  forty  years  ago,  and  even  now  the  beds  are  often  treated  as 
abnormal  dej)08its,  to  which  ordinary  rules  do  not  apply. 

Mr.  Howorth  scarcely  does  justice  to  the  views  of  the  followers  of 
Hutton  and  Lyell,  for  the  uniformitarian  theory  does  not  necessarily 
preclude  much  more  rapid  changes  than  are  now  taking  place. 
After  several  years  study  of  Pleistocene  Beds,  I  think  that,  as  a 
rule,  things  did  then  progress  faster,  and  that  we  are  now  in  a  period 
of  exceptionally  slow  changes.  I  take  uniformitarianism  to  mean 
that  no  cataclysmic  explanations  must  be  adopted  until  it  is  clearly 
proved  that  the  phenomena  are  inexplicable  by  reference  to  forces 
now  in  operation,  and  it  is  only  from  this  point  of  view  that  I  have 
ventured  to  criticize  Mr.  Ho  worth's  papers. 

WiTHERNSEA,    HuLL,  ClEUENT    BeID. 

Jhc,  6th,  1881. 
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SUBSIDENCES  AT  BLACEHEATH. 

Sra, — A  friend  has  juBt  sent  me  the  report  of  the  oommittee  for 
Ae  exploration  of  the  aubsidenoes  of  Blackheath.^  The  deBcription 
of  the  locality  by  Mr.  Holmes  is  yery  clear ;  and  the  arguments  for 
an  archaeological  explanation  of  the  phenomenon  well  put  There 
bone  pointy  boweyer,  that  is  not  mentioned.  I  would  ask,  are  these 
oocmrrenoes  a  new  feature  at  BJaokheath?  It  appears  that  one  oo- 
cnrred  in  April,  1878,  and  two  in  November,  1880.  It  is  hardly 
probable  that  three  should  haye  occurred  within  so  short  an  interval 
from  causes  which,  if  they  be  those  suggested  by  Mr.  Holmes,  must 
at  any  rate  have  been  in  operation  for  at  least  centuries ;  and  no 
inch  event  have  happened  before. 

I  have  not  examined  this  locality,  but  Mr.  Holmes'  excellent 
diagram  renders  that  hardly  necessary. 

I  have  given  some  attention  to  phenomena  of  this  kind.  In  18(>d 
I  examined,  and  described  in  the  Journal  of  the  Qeol.  Soc.,'  a  most 
remarkable  but  too  little  known  collection  of  natural  conical  pits  on 
Affpuddle  and  Piddletown  Heaths  in  Dorsetshire.  The  stratification 
is  there  very  similar  to  that  at  Blackheath,  but  the  depth  to  the  chalk 
snrfaoe  probably  less.  The  pits  may  be  counted,  I  suppose,  by  hun« 
dreda.  The  larger  ones  are  marked  by  small  circles  on  the  Ordnance 
Hap.  It  is  evident  that  the  sinking  of  the  soil  is  in  constant  pro- 
gi'eas,  for  there  are  recent  sballow  stop-like  depressions  round  the 
edges  of  many  of  the  pits,  and  I  have  been  assured  by  old  residents 
ID  the  neighbourhood,  that  a  well-shaped  pit  once  suddenly  appeared, 
and  its  sides  afterwards  fell  in.  There  is,  then,  evidently  a  constant 
cause  at  work,  and  its  result  continually  manifested.  Is  there  any 
evidence  of  this  being  the  case  at  Blackheath?  Apparently  not. 
The  cases,  therefore,  are  probably  not  analogous ;  and  this  would  be 
Bufficiently  Axx)unted  for  by  the  greater  depth  of  the  chalk  at  Black- 
heath,  and  the  nearness  of  the  water-level  in  it  to  its  upper  surface ; 
80  that  "  pipes  **  would  not  be  produced  in  the  chalk  beneath  the 
Tertiaries. 

But  I  have  also  described  another  instance  of  a  natural  pit  formed 
quite  recently,  where,  as  far  as  I  know,  none  had  ever  been  formed 
before ;  and  in  other  respects  having  points  of  similarity  to  those  at 
Blackheath.  This  occurred  in  1861  at  Lexden,  near  Colchester.  It  is 
described  in  this  Maoazine.'  The  points  of  similarity  appear  to  be  ; 
(1)  The  novelty  of  the  occurrence;  (2)  llie  depth  of  the  chalk 
below  the  surface ;  (3)  The  chalk  being  covered  by  an  imperrious 
stratum  (London  clay) ;  (4)  The  surface  of  the  chalk  being  below 
the  water-level  of  the  district ;  (6)  The  recent  establishment  of 
works  in  the  neighbourhood,  pumping  water  from  the  chalk. 

By  sending  these  remarks  I  do  not  presume  to  controvert  the 
archaeological  view  taken  of  the  case,  for  I  have  no  special  knowledge 

»  Blackheath:  Edgar  Xeve  ;  1881. 

'  Vol.  XF.  p.  187,  1859.  It  need  hardly  he  aaid  that  the  yiews  there  given  on 
denudation  are  out  of  date. 

*  Vol.  II.  No.  9,  p.  101.  (The  diagram  heing  inverted  is  corrected  at  the  end  of 
Ko.  10,  facing  p.  l^*^-) 
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to  bring  to  bear  on  tbat  side  of  tbe  question.  But  I  have  thought 
it  worth  while  to  recall  attention  to  the  Lexden  subsidence,  and  to 
my  remarks  upon  it 

0.  Fishes. 

HARLToy,  Caxbridob,  11  Dee.  1881. 

JUKES  AND  THE  SUPPOSED  LAURENTIAN  BOOKS  IN  DONEGAL, 

IRELAND. 

Sib, — From  a  letter  that  I  have  received,  it  would  appear  that 
some  question  my  statement  in  the  letter  on  the  "  Lower  Palaeozoio 
Books  of  Wexford,"  that  Jukes  first  suggested  the  possibility  of  there 
being  Laurentian  rocks  in  Donegal.  I  find  that  new  men  in  new 
countries,  who  do  not  take  the  trouble  to  learn  what  others  have 
previously  done,  often  bring  forward  "  new  discoveries,"  which, 
although  new  to  them,  are  well  known  and  old  to  those  acquainted 
with  the  country.  The  present  question  appears  to  be  a  case  in 
point  It  must  be  about  twenty  years  ago  when  Jukes  first  sug- 
gested that  some  of  the  rocks  in  Donegal  were  possibly  of  Lauren- 
tian age,  and  when  King,  of  Galway,  made  a  similar  statement  in 
reference  to  the  Connemara  rocks.  At  all  events,  when  I  was  sent 
to  the  West  Galway  district  about  the  year  1863,  I  was  specially 
instructed  on  this  point,  because  it  was  supposed  that  possibly 
Laurentian  rocks  might  be  found  in  Galway,  Mayo,  and  DonegaL 
While  working  in  North-west  Connaught  from  1863  to  1871,  I  have 
over  and  over  again  discussed  the  probability  of  Laurentian  existing 
in  the  above-named  counties  with  Jukes,  King,  Melville,  Harkness, 
and  all  other  geologists  who  visited  me  during  those  years,  among 
whom  was  Prof.  Hull.  I  suspect  that  even  Sir  R.  I.  Murchison,  in 
the  papers  published  in  the  Geol.  Mao.  about  that  time,  also  mentions 
Mr.  Jukes'  suggestion  as  to  the  Laurentian  age  of  some  of  the 
Donegal  rock,  but  I  cannot  here  refer  to  those  papers.  I  therefore 
believe  that  I  am  quite  justified  in  stating  as  I  have  done  in  the  first 
chapter  of  the  "  Geology  of  Ireland,"  and  in  my  late  letter  to  the 
Geol.  Mag.,  that  any  credit  due  is  due  to  Prof.  Jukes,  until  some 
one  works  out  the  question  in  detail ;  which  has  still  to  be  done. 
At  present  even  the  age  of  the  associated  rocks  with  those  suggested 
to  be  Laurentians  is  uncertain.  They  may  be  of  the  same  age  as 
those  at  Creggaunbaun,  south  of  Clew  Bay,  which  have  been  proved 
by  Syme  to  be  Upper  Silurians  ;  or  they  may  be  Cambro-Siluriaus ; 
or  in  part  they  may  be,  as  suggested  by  me  in  the  paper  read  before 
the  Royal  Irish  Academy,  "  On  supposed  Cambrians  in  Cos.  Tyrone 
and  Mayo,"  Cambrians ;  or,  as  does  not  appear  improbable,  if  the 
statements  made  in  reference  to  the  Donegal  rocks  are  correct,  all  the 
rocks  of  the  country  may  belong  to  one  sequence,  the  supposed 
Laurentians  being  a  portion  that  is  more  metamorphosed  than  the 
rest ;  and  as  in  many  other  metamorphic  regions,  brought  down  by 
a  fault  or  faults  into  a  juxtaposition  with  less  altered  rocks. 

The  latter  suggestion  is  a  very  natural  one,  when  we  consider 
that  on  account  of  a  similar  position  of  rocks,  a  portion  of  the  rocks 
of  West  Galway  are  said  to  be  of  Laurentian  age.     Now,  in  West 
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Gal  way  the  geological  age  of  the  rocks  is  quite  plain  to  those  who 
will  take  the  trouble  to  carefully  work  them  out  in  detail ;  some  of 
these  rocks  are  excessively  metamorphosed,  in  places  being  altered 
mto  granite,  yet  these  granites  can  be  traced  into  gneiss,  and  from 
that  through  schist  and  the  '' submetamorphic  rocks"  into  rocks 
that  contain  fossils  similar,  according  to  Baily,  to  those  character- 
istic of  the  Llandeilo  rocks.  Yet  now  we  are  told  that  the  extremely 
metamorphosed  portion  of  these  rocks  **  are  probably  of  Laurentian 
a|^*'  In  one  of  the  papers  previously  referred  to,  Sir  B.  I. 
Murohison  made  a  somewhat  similar  statement,  but  in  a  subsequent 
paper  he  retracted  it 

0.   H.    EiNAHAN. 
Otoca,  J>ee,  Sth,  1881. 

"MONTALBAN"  ROCKS  IN  SCOTLAND. 

SiBy — In    the    published  account  of    the  very  interesting  and 
important  address  delivered  before  the  Oeological  Society  on  Nov. 
16th,  by  Dr.  Sterry  Hunt,  *'  On  the  Eozoic  Rocks  of  Europe  as  com- 
pared with  those  of  North  America,''  it  is  stated  that  the  "  Pebidian 
of  Hicks  includes  both  the  Huronian  and  tbe  Montalban,  to  which 
latter  belong,  according  to  the  speaker,  certain  gneisses  and  mica- 
schists  both  in  Scotland  and  Ireland."     I  have  repeatedly  expressed 
the  opinion  that  the  great  Pebidian  formation,  as  at  present  defined 
in  this  country,  will  have  to  be  divided  into  several  distinct  series, 
and  that  it  is  not  improbable  that  we  include  in  it  now  formations 
unoonfonnable   to  one  another.     In   describing   the   Scotch   rocks 
(Proa  G^logists'  Assoc,  vol.  vii.  p.  20),  I  called  special  attention  to 
a  series  of  gneisses  and  mica-schists  along  the  sides  of  Loch  Eil,  and 
I  said  that  these  "  differ  considerably  from  those  further  west,  and 
strike  from  N.E.  to  S.W.,  with  an  average  dip  of  about  45°  to  the 
N.W.      They    alternate   with   a  corrugated    mica-schist  and    with 
quartzose   bands,   which    are    spotted   with   a   greenish    micaceous 
mineral.     These  I  look  upon  as  newer  than  the  Loch  Shiel  series, 
and  proliably  faulted  down  against  the  latter.    They  should  probably 
be  classed  with  the  Pebidian  rocks  of  Anglesea,  and  with  others  to 
be  further  referred  to  in  the  more  central  parts  of  Scotland."     I 
showed  specimens  of  these  rocks  to  Dr.  Hunt,  and  he  immediately 
recognized  their  great  resemblance  to  his  Montalban  series.     My 
chief  reason  for  including  these  in  the  Pebidian  was  that  they  are 
undoubtedly  newer  than  the  gneisses  farther  west,  and  that  they 
had  the  general  strike  of  the  undoubted  Pebidian  rocks  found  along 
tbe  Caledonian  Canal.     That  they  will,  however,  in  time  have  to  be 
separated  from  the  latter  is  certain,  and  that  they  moreover  occupy 
extensive   areas   in   the   Grampians,  I   have   proved   from   careful 
examination.     At  Tyndrum,  and  also  in  many  areas  to  the  north- 
east and  east,  they  are  well  exposed.     Indeed,  they  may  be  said  to 
be  tbe  most  important  series  in  the  Grampians ;  hence  I  proposed  to 
Br.  Sterry  Hunt  that  they  should  in  future  be  separated  from  the 
Pebidian  under  the  distinctive  name  of  **  Grampian  Series." 

HxvDOK,  Dec.  1881.  H£M&Y   HlQlLA. 
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COAL  UNDER  NEW  RED  SANDSTONE. 

Sir, — Allow  me  to  express  my  regret  that  I  should  have  over- 
looked the  paper  read  by  Mr.  De  Ranee  before  the  Geological  Society 
of  Manchester,  in  which  he  gives  a  detailed  section  of  the  Win  wick 
Borehole,  one  of  those  which  I  described  in  my  paper  on  Coal  under 
New  Red  Sandstone,  and  identifies  the  limestone  met  with  in  this 
borehole  as  the  probable  equivalent  of  the  Ardwiok  Limestone. 

I  was  first  made  aware  of  this  paper  by  Mr.  De  Ranee's  letter  in 
your  last  Number.  A.  Stbahan. 

Chbsteb,  2ith  November^  1881. 

COLOURING  OF  GEOLOGICAL  MAPS. 
Sm, — ^I  should  be  glad  if  some  member  of  the  English  Committee 
for  reporting  upon  the  colours,  etc.,  to  be  employed  on  geological 
maps,  would  kindly  explain  to  me  one  or  two  difficulties  which  the 
following  passage  in  their  report  (see  pp.  660-61,  of  this  Magazine 
for  December,  1881)  has  caused  me : — "Igneous  Rocks. — Four  colours 

would  suffice.  •  .  . 

Basalt  and  Greenstone       Dark  Carmine. 

Trachyte,  Felstone,  etc. Permanent  Scarlet. 

Granite Vermilion. 

Modem  Volcanic  Rock       Light  Orange." 

I  believe  there  are  three  coarse  crystalline  rocks  called  syenite, 
diorite,  and  gabbro,  which  can  often  be  recognized  by  the  eye  with 
tolerable  certainty.  How  are  they  to  be  coloured  ?  Do  any  of  these 
alleviate  the  loneliness  of  granite,  or  are  the  arms  of  greenstone  wide 
enough  to  embrace  them  all  ?  Again,  we  are  told  that  modem 
volcanic  rocks  are  to  be  coloured  *•  light  orange."  But  I  thought 
basalt  and  trachyte  (for  which  separate  colours  are  provided)  were 
frequent  products  of  modem  volcanos?  Further,  many  authors  in 
rough  grouping  put  the  leucite-basalts  and  the  nepheline-basalts 
with  the  ordinary  or  felspar-basalt;  if  so,  what  are  the  modem 
volcanic  rocks?  if  not,  on  what  grounds  are  felspar-basalt  and 
trachyte  considered  so  much  more  ancient  than  the  others  ?  The 
olivine  rocks  and  serpentine  are,  I  suppose,  omitted  on  the  ground 
De  minimis  nan  curat  lex, 

1  should  be  really  thankful  to  have  my  perplexities  enlightened ; 
for  I  feel  quite  hopeless  of  solving  them  without  extenial  help  ;  and 
if  any  member  of  my  class  asked  me  for  an  explanation  I  should  not 
know  what  to  say,  unless  I  modified  a  well-known  formula  for 
silencing  doubters,  and  replied  :  Bononia  locuta  est^  causa  finita  est. 

T.  G.  Bonnet. 

Norwich  QEOLOGiOiOi  Society. — At  the  Annual  Meeting  of  this 
Society,  held  at  the  Royal  Hotel,  Norwich,  on  November  8,  1881, 
Mr.  W.  Whitaker,  B.A.,  F.G.S.,  was  elected  President  in  Ibe  room 
of  Mr.  J.  H.  Blake.  The  retiring  President  gave  an  elaborate 
address  on  Conservancy  of  Rivers,  Prevention  of  Floods,  Drainage, 
and  Water  Supply.  Mr.  Whitaker,  who  is  engaged  on  the  Geological 
Survey  of  the  neighbourhood  of  Lynn,  announced  at  the  ensuing 
meeting,  held  on  December  6,  his  discovery  of  Totternhoe  Stone 
near  Roy  don  Church,  not  far  from  Grimston  Road  Station,  on  the 
Lynn  and  Fakenham  Railway. 
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January  26, 1882.— R.  Etheridge,  Esq.,  F.E.S., 
President,  in  the  Chair. 

John  Blaikie,  Esq.,  Bridge  House,  Newcastle,  Staffordshire  ; 
M.  Ernest  JobUng,  Esq.,  South  Tawton,  Devon;  and  the  Eev. 
Stanley  A.  Pelly,  BjL.,  Thomdiffe,  Saltford,  near  Bristol,  were 
Moted  for  as  FellowB  of  the  Society. 

Richard  Kerr,  Esq.,  19  Copt  Hall  Place,  Folkestone  ;  Baron  Ferd. 
Ton  Miiller,  K.C.M.G.,  M.D.,  Ph.D.,  F.R.S.,  Director  of  the  Botanic 
Qardens,  Melbourne;  William  Whitehead  Watts,  Esq.,  B.A.,  Broseley, 
Shropshire;  and  Joseph  Wilkinson,  Esq.,  F.R.G.S.,  Coney  Street, 
York,  were  proposed  as  Fellows  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read ;  it  included,  among 
others,  the  following  works : — Outline  Sketches  in  the  High  Alps  of 
Dauphin^,  by  T.  G.  Bonney ;  PalsBontologia  Indica,  ser.  14,  Tertiary 
sod  Upper  Cretaceous  Fossils  of  Western  Sind,  Vol.  1,  pt.  3,  The 
Fosffll  Echinoidea,  fasc  1,  by  P.  M.  Duncan  and  W.  P.  Sladon ; 
Contributions  k  la  flore  fossile  du  Portugal,  par  0.  Heer ;  Traite  do 
O^logie,  fasc  4,  par  A.  de  Lapparent;  The  Statistical  Atlas  of 
England,  Scotland,  and  Ireland,  part  12,  Geology  and  Mining,  by 
G.  P.  Bevan ;  and  Autobiographic  du  Docteur  medecin  Ami  Boue. 

The  Seoretary  announced  that  the  following  works,  ordered  to  be 
purchased  by  the  Council,  were  also  on  the  table: — Description 
g^logique   et  pal^ntologie  des   Pjrr^nees  de  la  Haute-^raronne, 

ipar  A.  Leymerie;  Eicerche  chimiche  e  microscopiche  su  Boccie 
e  Minerali  ditalia,  per  A.  Cossa ;  Excursions  Geologiques  h  travers 
la  France,  par  S.  Meunier ;  Der  Bergsturz  von  Elm  den  11  Sep- 
tember 1881,  von  E.  Buss  and  A.  Heim;  Untersuchungen  iiber 
Erzgange,  Heft  1,  von  F.  Sandberger;  Handbuch  der  krystallo- 
graphisch-physikalischen  Chemie,  Abth.  1,  von  C.  F.  Bammelsberg ; 
Bemente  der  Mineralogie  von  C.  Naumann.  Elfte  Aufl :  von  F. 
Qttel;  and  Le  Sel,  par  £.  Lefebore. 
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The  following  oommonications  were  read : — 

1.  ^'  On  the  Fo68il  Fish-remainB  from  the  Armagh  limeetone  in 
the  Collection  of  the  Earl  of  Enniskillen."  By  James  W.  Davia, 
Esq.,  F.G.S.,  F.L.S. 

The  author  described  in  this  paper  a  large  collection  of  fossil  fish- 
remains  at  present  at  Florence  Court,  Enniskillen,  but  which  will 
soon  be  removed  to  the  new  Natural  History  Museum  in  the  CromweU 
Boad.  The  collection  comprises,  besides  specimens  collected  by  the 
Earl  of  Enniskillen  from  the  Carboniferous  Limestone  of  Armagh,  a 
large  series  acquired  firom  the  famous  collection  of  the  late  Captain 
Jones,  M.P.,  the  remaining  portion  of  which  is  in  the  CFeological 
Museum  of  Cambridge.  Several  genera  and  species  were  described 
by  Prof.  Agassiz  in  his  ^  Eecherches  sur  les  Foissons  Foasiles' 
(1833-43),  and  again  referred  to  by  J.  E.  Portlock,  F.R.S.,  in  his 
^  Eeport  of  the  Geology  of  Londonderry  and  parts  of  Tyrone  and 
Fermanagh' (1843). 

In  1854  Prof.  M'Coy  described  many  new  genera  and  speoias  in 
his  work  on  the  ^  British  Paheozoic  fiocks  and  Fossils/  principally 
derived  firom  a  study  of  the  portion  of  Capt.  Jones's  ooUection 
deposited  in  the  Cambridge  Museum.  Prof.  Agassiz  paid  a  viait  to 
Florence  Court  in  1858,  and  appended  names  to  some  of  the  fossil 
teeth  in  Lord  Enniskillen's  cabinets,  intending  to  describe  and  figure 
the  new  forms,  and  to  revise  the  whole  of  his  former  work«  His 
death  prevented  this  intention  firom  being  carried  into  efiect.  As 
far  as  possible  the  determinations  of  Prof.  Agassiz  have  been  adhered 
to  in  the  present  paper. 

The  detached  and  isolated  condition  in  which  the  remains  are 
found  renders  any  appreciation  of  the  relationship  of  the  teeth  and 
spines,  or  even  of  the  teeth  only,  to  each  other  extremely  uncertain 
and  difficult.  Some  speculations  as  to  the  probable  organization  and 
characteristics  of  the  Carboniferous  fishes  which  t£ey  represent, 
evolved  during  a  long  consideration  of  the  specimens,  have  therefore 
been  postponed  to  a  future  opportunity. 

The  following  is  a  list  of  the  genera  and  species  described  in  the 
paper : — 

(Henaeanthu8 plicatilis^  C.  dttbius,  C,  Icevis,  C,  pusttdatus,  C.  tubireu- 
latu8,Comp8acanthu8carinatus,  CosmacanthusmarginatuSf  C.carinahu^ 
Lispacandius  retrogradus,  Cladacanikus  paradoxus^  C,  major,  Ona- 
thacanihtis  triangularis,  Cladodus  polyodon,  C,  curvm,  C,  destruet<n', 
Carcharopsis  Colei,  Copodus  comutus,  C,  furcattis,  C,  spatulattu, 
C.  minimtts,  Lahodus  prototypus,  Z.  planus,  Mesogomphus  lingua, 
Pleuragomphus  auricula  tus,  Wiy modus  transversus,  B.  ohlongus,  Cha^ 
racodus  angulatus,  C.  luneatus,  Pinacodus  gonoplax,  P.  geUui,  i>imy- 
leu3  Woodi,  Mylax  hatoides,  Mylacodus  quadratus,  M,  Sesarma, 
Homalodus  trapeziformis,  H,  quadratus,  Petalodus  quadratus,  P.  rt- 
curvus,  P,  inequilateralis,  PolyrJiizodus  magnus,  P.  Colei,  P,  eUmgatut, 
P,  sinuosus,  P.  attenuutus,  P.  constrictus,  Chomatodus  linearis,  C, 
acutus,   Glossodus  maryinatus,  Harpacodus  dentatus,  If,  clavatus, 
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8trd>hduM  oblotMUSj  S.  CoUiy  S.  EgerUmi^  Deltodus  suhlasvis^  D,  ex- 
pantus,  Z>.  nobuiSf  Deltaptychius  acutus^  D.  gihhervHuB^  Sandcdodus 
Morrisii^  PtephoduB  moffnus^  Pcedlodua  Jonesii,  P^gibbasus,  Tomodu$ 
wiiv€xu»^  Xystrodus  Hriatua,  X.  angustus,  X.  Egertoni^  Hdodus 
crasiuM^  H.  tenuis^  H.  davatus^  H.  dUatatua,  H,  acuttis,  H,  rich' 
mondetmSf  H,  triangularis,  H,  biconus,  H,  expanaus,  Bhamphodut 
dispar,  Petalorhynehua  pntUieinui,  Pristodus  falcattu. 

Discussion. 

Prof.  Sbblbt  suggested  that  in  the  fang-like  portions  of  the  teeth 
in  Palyrhizodus  we  have  indications  of  an  analogy  with  the  Ra3rs, 
and  that  the  teeth  may  have  followed  each  other  in  series.  He 
thought  that  many  forms  relegated  to  different  genera  and  species 
mig^t  belong  to  the  same  palate.  He  spoke  of  a  similar  variety 
of  form  being  exhibited  in  the  teeth  referred  to  CoehUodus,  He 
referred  to  the  difficulty  of  dealing  with  the  remains  which  had 
been  thought  to  be  allied  to  the  Diodon. 

The  P^iDENT  testified  to  the  great  labour  undertaken  by  Mr. 
Davis  in  investigating  the  large  collection  of  fossils  brought  together 
by  the  Earl  of  Enniskillen.  Apart  from  the  determination  of  the 
analogies  of  these  forms,  the  naming  and  description  of  these  charac- 
teristic fossils  would  be  of  great  service  to  stratigraphical  geologists. 

The  Author  admitted  that  some  of  the  forms  described  might 
belong  to  the  same  palate ;  but  until  actual  evidence  of  this  was 
produced,  he  maintained  that  they  ought  to  be  described  and  receive 
distinctive  names.  Many  of  the  names  had  been  attached  to  these 
fossils  by  Agassiz.  He  mentioned  the  discovery  of  Worth  en  that 
the  teeth  referred  to  the  genera  CoehUodus  and  Helodus  occur  asso- 
ciated in  the  same  jaw  in  an  American  specimeu.  He  thought  many 
of  the  teeth  were  not  palatal  teeth  but  were  inserted  in,  or  on  the 
ramus  of  each  jaw. 

2.  "  On  an  extinct  Chelouian  Keptile  {Notochelys  costaia,  Owen) 
from  AustraUa."     By  Prof.  Owen,  C.B.,  F.R.S.,  F.G.S. 

The  fossil  reptilian  remains  hitherto  transmitted  to  the  author  from 
Australia  have  been  limited  to  parts  of  the  skeleton  of  Alegahtnia 
prisca^  Ow.  The  present  specimen,  sent  last  year  by  Prof.  Leversidge, 
is  the  first  fossil  Chelouian.  The  specimen  was  found  in  a  forma- 
tion at  Bunder's  River,  Queensland,  of  which  the  nature  and  age 
are  not  stated.  It  is,  however,  petrified.  The  fossil  consists  of  the 
anterior  portion  of  the  carapace  and  of  the  plastron,  brought  into 
unnaturally  close  contact  by  posthumous  pressure.  A  minute  descrip- 
tion of  the  several  parts  was  given,  from  which  the  author  concluded 
that  though  the  characters  of  the  carapace  might  be  interpret<jd  as 
identifying  the  Chelouian  with  a  true  turtle  (Cheloiie),  those  of  the 
plastron  show  the  well-marked  distinctions  of  Tt-ionyx  and  Chelys, 
On  the  whole,  however,  the  modifications,  especially  of  the  carapace, 
show  a  nearer  affinity  to  the  marine  turtles  (Chelone)  than  the 
known  Chelydrians  exhibit,  and  indicate  a  more  gcnerjdized  type. 
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DiBOUBSIOF. 

Prof.  SsxLBT  regretted  that  the  Bpecimen  upon  which  the  pa] 
was  founded  was  not  upon  the  tahle.  It  would  also  haye  he 
helpful  if  the  author  had  attempted  a  restoration,  fie  pointed  c 
how  much  the  elements  of  the  plastron  must  have  heen  displace 
fie  could  not  help  suggesting  that  the  hyo-hypostemal  bones  w( 
not  combined,  but  that  those  preserved  were  the  hyostemal  boi 
only.  If  this  were  possible  he  doubted  the  propriety  of  the  nai 
Notoehehfi^  as  if  the  above  point  were  not  proved,  there  was  nothi 
to  separate  the  genus  from  CheUme.  fiad  the  peculiar  modifi< 
tion  of  the  plastron  supposed  by  the  author  existed,  he  shoe 
have  expected  more  marked  differences  in  the  carapace.  At  t 
same  time  the  value  of  the  contribution  could  not  be  doubted. 

3.  '^  On  the  Upper  Beds  of  the  Fifeshire  Coal-Measures."  By  t 
late  £.  W.  Binney,  Esq.,  F.R.S.,  F.G.S.,  and  James  W.  Kirkby,  Es 

These  beds  are  best  exposed  in  Fife,  between  the  mouth  of  t 

Leven  and  East  Wemyss.    The  coalfield  of  the  latter  district  is  ti 

most  northerly  piece  of  true  Goal-measures  in  Britain;  they  d 

10°  E.,  or  even  less.     The  highest  member  (which  may  possib 

be  even  later  than  the  Carboniferous  Period)  is  an  unfossUiferoi 

purplish  sandstone,  full  200  feet  thick ;  next  comes  soft  red  mai 

12  feet,  followed  by  sands,  290  feet,  marls,  clays,  &c.,  100  feet,  ai 

sandstones,  days,  &c.,  with  thin  coals  and  limestones,  about  80  fee 

Other  sections  were  also  described.     No  unconformity  has  bee 

noticed  in  Fifeshire  between  these  and  the  underlying  measure 

The  argillaoeous  limestones  and  their  coals  are  fossiliferous ;  thei 

are  a  few  fish  and  Crustacea,  and  many  plants,  with  some  curioi 

markings,  which  may  be  rootlets  or  perhaps  algae.     The  last  occi 

only  in  a  limited  part  of  the  rock,  not  with  otiier  plants,  and  ai 

very  delicate  and  membranous.     The  affinities  of  these  were  full 

discussed,  the  author  inclining  to  the  view  that  they  are  algae. 

Discussion. 

The  Pbesidsnt  spoke  of  the  value  of  the  physical  and  palaeonto 
logical  informotion  conveyed  in  this  paper. 

Mr.  TiDDBMAir  spoke  of  a  section  he  had  found  along  the  Gretc 
near  Ingleton,  where  some  thin  limestones  occur  at  a  considerabl 
height  above  the  true  Goal-measures :  over  the  latter  were  plant 
bea^g  sandstones,  shales,  and  clays,  and  apparently  corresponding 
with  ^em,  on  the  other  side  of  a  synclinsd,  were  beds  of  simila 
rocks,  but  with  limestone  interbedded.  These  were  almost  dolomitic 
No  organic  remains  had  been  found  in  them.  It  was,  however,  jus 
possible  that  these  limestones,  being  near  the  Great  Craven  Fault 
might  not  be  Upper  Coal-measures  but  Yoredale-Grit  beds ;  but  oi 
the  whole  the  probability  lay  the  other  way. 

Mr.  Cbuttwell  inquired  the  thickness  of  the  limestone.  Ii 
Australia  there  were  limestones  with  Proditcttis  retieulatus  under  th< 
productive  Coal-measures. 
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Dr.  MvBXM  and  ha  tiboag^t  ttiat  loottets  of  Lepidodendran  had 
been  finmd  in  $iiu  in  the  north.  He  thought  these  heds  eoold  he 
tnMed  wesfcwaid  to  the  other  ooal  of  Scotland. 

The  Prjhuiimt  remarked  that  it  was  singokr  how  dooely  some 
of  the  Anatnlian  fossila  oorresponded  with  thoee  of  Britain. 


fi^ieoimena  were  exhibited  by  Messrs.  Dayis  and  Kirkby  in  illns- 
tra&m  of  their  papers. 


The  next  Meeting  of  the  Society  will  be  held  on  Wednesday, 
Febmary  Sth,  1882,  when  the  Cdlowing  commnnicationa  will  be 
read: — 

1.  "Bescripti(ms  of  some  Igoanodon  Bemaina,  indicating  a  new 
tpeoiee,  /.  SedeyHr    By  J.  W.  Hulke,  £aq.,  E.K.S.,  E.O.S. 

1.  ^  On  a  peculiar  Bed  of  Angnlar  Drift  on  the  hi^  Lower- 
Chalk  Plain  between  Didcot  and  Chilton.''  By  Prof.  Joseph 
Prestwich,  F.B.S.,  F.G.S. 


Ridley  Henderson,  Esq.,  9  Bush  Lane,  E.C. ;  William  John,  Esq., 
If  Ji.C.S.,  Court  House,  Haverfordwest ;  and  James  Bobert  Millar 
Robertson,  Esq.,  M.D.,  Clydeside  House,  Renfrew,  Renfrewshire, 
Scotland,  will  be  balloted  for  as  Fellows,  and  Prof.  S.  Lov^n,  of 
Stockholm^  as  a  Foreign  Member  of  the  Society. 
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I— On  the  OcOURBSNOE  of   THB  CtRBNA  FLUUINAUa  AT    SUMMEB- 

TOWK,  HEAR  OxFOBD. 

By  Professor  J.  Prbstwich,  M.A.,  F.R.8.,  F.0.8. 

A  CONSIDERABLE  length  of  Beotion  of  the  river  yalley-gravel 
has  recently  been  laid  open  in  the  grounds  of  St.  Edward's 
School,  Summertown  It  is  only  200  or  300  yards  distant  from  the 
Summertown  brick-pit,  where  the  same  gravel  is  exposed,  and  which 
is  there  close  on  the  edge  of  the  Thames  valley ;  nevertheless,  this 
sectioQ  presents  features  which  have  not  been  observed  there  or 
at  any  other  place»  numerous  as  are  the  sections  of  the  superficial 
gravel  and  sand  in  the  neighbourhood  of  Oxford. 

Section  exposed  in  digging  the  foundations  for  new  buildings,  St 
Edward's  School,  Summertown,  Oxford  : —  ^  , 

'  '  ft  in. 

1.— Soil  with  a  few  fragments  of  the  underlying  gravel  J     0 

2.— Light -coloured,  fine  gravel  (with  irregular  black  and  ferruginous  veins) 
composed  of  water- worn  fragments  of  the  Great  and  Inferior  Oolites, 
Forest  Marble  and  Combrasn,  with  specimens  of  the  Gryphea  dilatata 
from  the  Oxford  Clay,  and  of  older  rock  pebbles  (quartzites,  etc.)  and 

Chalk  flints  from  the  Glacial  Drift 3    2 

3.— Fine  yellow  sand  with  Jand  and  frethwater  thelh^   and  fossil  remains 

of  Elephant^  ete.y  in  the  lower  part     8     6 

Under  this  by  dig)^g  I  found  three  feet  more  of  sand,  and  then 
some  hard  gravel,  which  rests  probahly  on  the  Oxford  Clay. 

In  the  Oxford  district,  this  gravel  occupies  a  level  or  terrace  about 
20  to  25  feet  above  the  level  of  the  Thames  and  Cherwell,  and  small 
patches  of  the  same  gravel  are  met  with  an  the  same  level  at  the  foot 
of  the  hills  on  the  other  side  of  the  valley  at  Wytham  and  North 
BiDcksey,  having  once  extended  across  the  valley  at  that  level,  and 
the  valley  below  that  level  having  since  been  excavated  by  prolonged 
river-action  to  its  present  depth.  After  that  the  valley  received  the 
alluvial  deposits  which  now  form  the  flat  river  lands  such  as  Port 
Meadows,  and  which  contain  the  remains  of  the  Bed  Deer,  Boebuck, 
Wolf,  Wild  Boar,  Horse,  Ox,  etc. 

The  gravel  consists  of  water-worn  fragments  of  various  Oolitic 
rocks  belonging  lo  strata  over  which  the  Thames  and  its  tributaries 
flow  above  Yamton  and  Eynsham,  that  is  to  say,  strata  which  form 
the  hills  about  Handborough  and  Charlbury,  and  the  slopes  of  the 
Cotswold  Hills  beyond  Witney,  together  however  with  the  harder 
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shells  washed  out  of  the  Oxford  Clay,  such  as  the  large  Gryphci 
dilatata,  and  Belemnites.  lliere  are  also  large  rounded  pebbles  o 
quartzite  and  other  Palaeozoic  rocks,  but  these  come  from  an  olde 
glacial  drift  gravel  found  on  the  summit  of  Wytham,  Bladon  ant 
other  high  hills,  still  in  the  same  watershed.  Sometimes  the  grave 
is  roughly  piled  together,  at  other  times  it  is  rudely  bedded,  whil 
occasionally  the  sands  present  the  fine  lamination  due  to  more  tran 
quil  deposition  arising  either  from  diminished  force  of  the  current 
or  from  being  in  more  sheltered  places. 

In  the  gravel-pits  at  Siimmertown  and  elsewhere  around  Oxforc 
it  is  rare  to  find  even  fragments  of  shells,  and  only  still  more  rarel 
are  a  few  perfect  shells  met  with.  But  at  the  St.  Edward's  sectior 
where  the  beds  are  finer  and  consist  chiefly  of  sand,  owing  probabl 
to  their  having  been  deposited  more  out  of  the  way  of  the  mai 
current,  the  shells  are  in  places  numerous,  and  almost  all  are  entir 
— some  indeed  are  double,  though  they  are  very  fi^agile. 

They  consisted  chiefly  of  Pisidium,  Limnea  and  Cyrena.  Wit 
one  exception  there  was  no  record  of  the  existence  in  this  area  o 
indeed  in  any  part  of  the  Upper  Thames  Valley,  of  the  Cyren 
fluminalis.  That  exception  is  a  single  specimen  found  some  yeai 
ago  by  Mr.  Tiddeman,  of  the  Geological  Survey,  in  a  small  pit  c 
section  on  the  banks  of  the  Cherwell,  but  I  have  never  succeede 
in  finding  this  pit  or  section,  which  has  no  doubt  been  filled  up  o 
sloped  over.  So  the  evidence  of  the  occurrence  in  this  district  c 
this  particular  fossil  rested  on  that  single  specimen,  which  is  preserve 
in  the  Oxford  Museum.  In  the  St  Edward's  section  this  shell  he 
again  been  discovered  in  considerable  numbers — of  all  sizes,  an 
double,  proving  that  it  lived  and  flourished  here  at  the  period  i 
question.     It  is  in  fact  the  most  abundant  shell  there. 

The  following  is  a  list  of  the  various  shells  I  have  obtained  froi 
the  St.  Edward's  section: — 


Univalves. 
Aneyltu  Jluviutilis, 
JBithynia  tentaculata, 
Ztmnea  peregra, 

,,        truHcatula, 
Planorbit  ? 
Valvata  pisdnaiis. 


Bivalves. 
Cyrena  Jluminalii, 
Cyclas  ? 

Fisidium  amnieum. 
Unto  (fragments  only.) 

Land  Shells. 
Helix  hispid  9, 
,,    pulchella. 

Together  with  these  shells  there  were  found  some  fossil  bonei 
mostly  of  large  size,  and  a  few  teeth.  Unfortunately,  the  bones  ar 
so  much  decomposed  and  so  soft,  that  it  has  not  been  possible  t 
preserve  the  specimens.  One  of  these  was  the  entire  humerus  of  a 
Elephant,  but  the  others  were  indeterminable.  Tlie  teeth  are  thos 
of  ilephas  primtgenius,  one  specimen  is  almost  perfect  and  but  littl 
worn,  whereas  the  other  is  worn  down  to  a  mere  stump.  Simils 
remains  of  the  Mammoth  are  extremely  abundant  in  the  grave 
under  Oxford ;  the  lower  jaws  of  five  or  six  individuals  having  bee 
found  in  digging  the  foundations  of  the  New  Schools,  and  nearly  a 
many  more  in  making  the  Drainage  works  at  Holywell. 

In  the  adjacent  Summertown  brick-pit,  the  same  gravel  contains 
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greater  variety  of  and  better  preserved  Mammalian  remains,  con- 
sisdng  of  the  following  species  : — 

ElepJuu  primigenius. 
Shuioeeros  tichorhinm, 
CervuB  eiaphuM, 
,»      eapreolua. 

The  Hippopotamus  has  been  found  at  Wytham  on  the  opposite 
side  of  the  Thames,  and  the  Reindeer  at  other  places  in  the  Oxford 
district,  but  their  remains  are  extremely  scarce. 


EquuB  fossilia. 
Bo9  primigeuiua, 
St48  sero/a. 


IL—On  the  Oooubbenob  of  Spermophilus  beneath  the  Glacial 

Till  op  Nobfolk. 

By  E.  T.  Newton,  F.G.S.  ; 
of  the  Museum  of  Practical  Geology,  Jermyn  Street. 

(PLATE  II.) 

THE  remains  of  the  genus  Spermophilus  have  been  so  rarely  found 
in  Britain  that  an  account  of  another  example  could  not  but 
be  of  interest  to  geologists;  but  the  specimen  described  below  is 
especially  noteworthy  as  it  has  been  obtained  from  a  deposit  only 
recently  discovered,  and  from  which  no  vertebrate  remains  have  as 
yet  been  recorded.  The  deposit  referred  to  is  the  "  Arctic  Fresh- 
water Bed,"  discovered  near  Mundesley,  by  Mr.  Alfred  Nathorst 
(vide  Journ.  of  Botany,  vol.  iii.  1873,  p.  225),  and  investigated  by 
my  colleague,  Mr.  Clement  Reid,  during  the  survey  of  the  Norfolk 
coast  (Geol.  Mag.  for  Dec.  1880).  This  deposit  is  believed  to  be 
the  first  definite  indication  of  the  arctic  climate,  which  gradually 
increasing  reached  its  climax  in  the  Glacial  period  ;  it  immediately 
underlies  the  Till,  and  is  regarded  by  Mr.  Reid  as  the  earliest  bed  of 
the  Glacial  or  Pleistocene  epoch ;  it  has  yielded  to  ray  colleague's 
careful  and  laborious  investigation  a  large  number  of  arctic  plants, 
and  it  was  while  searching  for  these  that  he  came  upon  some  frag- 
ments of  bone,  lying  only  a  few  inches  below  the  superincumbent 
40  feet  of  glacial  deposits.  Although  these  fragments  were  very  un- 
promising, yet,  as  they  were  the  first  that  had  been,  met  with  in  the 
bed,  he  carefully  removed  and  washed  as  much  of  the  surrounding 
matrix  as  seemed  likely  to  contain  any  part  of  the  specimen.  By 
this  means  a  number  of  pieces  of  bone  were  obtained,  most  of  which 
were  so  small  and  broken  as  to  be  indeterminable,  but  among  them 
were  eight  grinding  teeth,  which  undoubtedly  belong  to  the  genus 
spermophilus,  and  some  bones  of  the  feet  which  had  not  been  injured. 
The  only  instances  recorded  of  the  occurrence  of  the  Spermophilus 
in  this  country  are  those  mentioned  by  Dr.  Falconer  (Pal.  Memoirs, 
vol.  ii.  p.  452),  and  by  Prof.  W.  Boyd  Dawkins  (Mon.  Pal.  Soc, 
1864,  p.  f37).  The  two  specimens  described  by  Dr.  Falconer  as 
Spermophihis  erythrogenoides  were  from  the  Mendip  caves,  and  the 
third,  which  was  figured  but  not  named,  was  from  the  *'  Pleistocene 
clay  at  Fisherton,  Salisbury."  Prof.  W.  Boyd  Dawkins  alludes  to 
another  specimen  in  the  Taunton  Museum  as  being  most  closely 
^ied  to  the  /Sp-  citillus,  and  mentions  several  examples  oi  \Xi^  ^<^\i\i^ 
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from  the  Fisherton  gravels  ''which  have  yet  to  be  determii 
The  Rpecific  determination  of  these  Spermophili  seems  to  have  r 
almost  wholly  on  the  form  of  the  mandibular  rami ;  but  as  the 
folk  specimen  has  only  the  teeth  of  the  lower  jaw  preserved, 
mode  of  determination  cannot  be  adopted.  Detailed  measnren 
of  the  lower  jaw  and  teeth  of  S,  erythrogenoides  were  made  b^ 
Falconer;  but  only  those  of  the  teeth  can  be  made  use  of  ii 
present  instance  ;  they  are  thus  given  in  vol.  ii.  page  462  :  "  Lc 
of  three  posterior  molars  04 in."  [=  10-2  mm.]  "Length  of 
occupied  by  the  four  molars  0-o2  in."  [=  13*4  mm.] 

Of  the  eight  teeth  obtained  from  the  "  Arctic  Freshwater  I 
six  belong  to  the  lower  jaw  and  appear  to  be  the  first,  second 
third  cheek-teeth  of  the  right  and  left  sides.  The  other  two 
are  from  the  upper  jaw.  The  lower  teeth  are  all  so  much  worn 
the  dentine  is  exposed  over  nearly  the  whole  surface,  having  o; 
small  depression  of  enamel  on  the  outer  side.  The  enamel  bo 
which  in  the  recent  forms  stands  up  as  a  ridge,  is  in  these 
broken,  or  worn  away.  The  forms  and  proportionate  sizes  wi 
best  understood  from  the  figures  (Plate  II.  Figs.  3  to  8).  Th« 
terior  pair,  which  are  believed  to  be  the  fourth  premolars,  have 
lost  their  fangs,  and  the  broken  surface  does  not  show  how  i 
each  had.  The  other  four  lower  teeth,  which  seem  to  be  the  firs 
second  true  molars  of  the  right  and  left  rami,  have  each  four  fai 

The  space  occupied  by  the  three  lower  teeth  on  each  side  is  'i 
(=  8-5  mm.),  and  the  four  when  altogether  probably  measure 
nearly  as  possible,  '45  in.  (=»  11*5  mm.). 

The  two  upper  teeth  are  less  worn,  and  retain  their  characte 
cusps  and  ridges,  the  black  surface  being  to  a  great  extent  co' 
by  a  whitish  layer  of  what  appears  to  be  much  worn  enamel ;  li 
this  I  cannot  be  certain,  'llie  crown  of  each  tooth  is  irregu 
triangular  in  outline  (Figs.  I,  2),  and  has  one  large  inner  cusp 
three  smaller  out^r  ones.  A  prominent  ridge,  or  rather  two  ri 
in  the  form  of  a  horse-shoe,  connect  the  outer  and  two  anterior 
cusps,  and  thus  inclose  a  deep  transverse  valley,  which  is  clos< 
the  inner  side  by  the  one  large  cusp,  but  opens  outwards  bet 
the  two  smaller  ones.  The  hindermost  ridge  has  another  cusp  t 
midway  between  the  inner  and  outer  cusps.  In  front  of  the  I 
shoe  ridge  there  is  a  secondary  valley  inclosed  by  a  slight  r 
which  forms  the  anterior  boundary  of  the  crown,  but  this  is 
much  lower  level  than  the  horse-shoe  ridge.  At  the  hinder  pi 
the  tooth  a  slight  ridge  runs  down  from  the  large  cusp,  and  cui 
round  joins  the  hinder  outer  cusps  so  as  to  inclose  a  slightly  depr 
space.  A  small  guard  is  to  be  traced  around  the  hinder  marg 
the  crown.  The  antero-posterior  extent  is  about  •!  in.  (2  6  i 
The  difiference  in  size  in  the  figures  is  chiefly  due  to  the  some 
different  direction  in  which  they  were  viewed  in  drawing  them. 

I  have  compared  these  teeth  with  those  of  the  recent  Euro 
species  in  the  Brit.  Mus.  and  Royal  Coll.  of  Surgeons.     In  all 
recent  forms  the  lower  cheek-teeth  are  much  alike,  and  alth 
there  appears  to  be  some  difference  in  the  proportionate  sizes  o 
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anterior  cheek-teeth,  yet  these  are  not  suffioiently  marked  to  enable 
one  to  separate  the  species.  On  the  whole  these  fossil  teeth  would 
seem  to  agree  best  with  those  of  8,  citillua  and  8.  AHnieus  (=  & 
Evenmannii),  And  judging  from  the  measurements  of  the  teeth  of 
these  two  speoies  given  by  Dr.  I^ehring  (Neuen  Jahrbuoh,  1880, 
Band  II.  p.  121),  and  of  those  in  the  British  Museum,  our  fossils 
agree  best  with  the  8.  Altaieus ;  for  the  three  teeth  preserved  are  as 
long  as  the  four  in  8.  dtillua,  that  is,  8*5  mm.,  while  the  length 
oocnpied  by  the  four  when  complete  must  have  been  as  nearly  as 
possible  the  same  as  in  the  8.  Altaicm,  that  is,  11*5  mm.  It  will  be 
noticed  that  these  measurements  are  much  less  than  those  given 
by  Dr.  Falooner  for  his  S.  erythrogenoides,  which  was  0*52  in.  or 
13*4  mm. 

Dr.  Nehring  sems  to  think  (loc,  ciL)  that  Dr.  Falconer's  species  is 
very  closely  allied  to  the  8,  Altaicua,  if  not  the  same ;  but  the  measure- 
ments are  oertainly  much  greater  than  in  the  latter  speoies. 

With  regard  to  the  upper  teeth,  the  recent  8,  Altaicue  has  the 
leoond,  third,  and  fourth  cheek-teeth  proportionately  wider  from 
before  backwarks  than  in  either  of  the  other  species,  and  this  is  due 
to  the  somewhat  greater  development  of  the  hinder  depressed  space 
and  its  inclosing  ridge.  The  second  npper  (pm.  4),  as  in  other 
species,  is  a  little  smaller  than  the  third  or  fourth  (m.  1  m.  2).  The 
p  iir  of  fossil  teeth  would  agree  in  form  with  either  of  these  three 
teeth,  as  they  have  the  hinder  depressed  space  developed  to  about 
the  same  extent,  and  consequently  the  antero-posterior  measurement 
of  the  crown  bears  about  the  same  proportion  to  the  rest  of  the 
tooth.  But  in  size  they  agree  best  with  the  fourth  tooth  (m.  2), 
being  ratlier  larger  than  the  anterior  teeth.  The  last  upper  tooth  in 
the  recent  specimen  has  the  hinder  space  much  enlarged,  so  as  to 
form  a  heel,  and  thus  gives  the  tooth  a  greater  antero-posterior  extent. 

The  Spermophilus  citiUm  has  the  second  upper  tooth  (pm.  4)  of 
about  the  same  proportions  as  it  has  in  S,  Altaieus,  but  the  third  and 
fourth  teeth  are  narrower  from  before  backwards.  The  fossil  teeth 
are  larger  than  either  of  these,  and  seem  to  me  to  differ  from  the 
second  and  third,  which  are  most  near  them  in  size  in  the  larger 
development  of  the  hinder  space. 

The  only  American  Spermophilus  which  I  have  had  the  opportu- 
nity of  examining  was  the  <S.  lateralis^  and  this  had  the  upper  teeth 
of  a  different  pattern,  and  quite  unlike  the  European  forms,  or  this 
fobsil. 

COXPABATTVE  MeASURBMBMT  OF  TUB   FoUR  LoWER  MOLARS. 

Dr.  Falconer's,  .S.  erythrogenoides     13*4  mm. 

Dr.  Nehring's  i9.  ^//atcrtM,  No.  1 11*6     ,, 

y  y  11  jL^  Kl*    m$%  •••         ••■         •••         •••         •••         •••  aXO         y* 

Brit.  Mus.  recent  ^.  ^/to»rtM,  No.  1 11*0 


,,  ,,  ,,  ,,  XiU.  Zt%  ...        ...        •••        ...        ■••        Xv^       ,, 


Dr.  Xehring's  S.  eitillus     8*5 

hrit.  yius.  recent  8.  eii'litts 8*6 

Coll.  Surg,  recent  ^.  Jfo;/^o/(ctM,  No.  I i 10*2 


)9 


,,  ,,  ,,  I)  J.1  O.    M.         ■••  ...  ••*  ...  ...  «7m  ,, 


Norfolk  fossil  form  at  least 11*5 


II 


64        E.  T.  Netdon — Spermophilus  beneath  Boulder-Clay. 

Uufortunately,  I  have  been  unable  to  see  any  skeleton  of  SpermO' 
philus  Altaicus  in  order  to  compare  the  vertebra  (Fig.  9)  and  foot 
bones  (Figs.  10 — 13)  found  with  the  teeth.  The  caudal  vertebrsa  of 
the  S.  MongoUcus  in  the  Hoyal  College  of  Surgeons,  which  is  the 
nearest  form  I  have  been  able  to  compare  the  fossil  vertebra  with, 
are  rather  smaller,  and  of  different  proportions ;  but  so  nearly  the 
same  that  there  is  every  probability  of  the  fossil  being  found  to 
agree  with  the  S.  Altaicu8,  when  recent  skeletons  of  that  species  are 
available  for  comparison.  The  common  Squirrel,  with  which  I  was 
in  the  first  place  led  to  compare  these  fossil  remains,  has  the  caudal 
vertebras  of  quite  a  different  form.  With  regard  to  the  foot-bones, 
the  proximal  and  middle  phalanges  (Figs.  10 — 11)  are  shorter  and 
thicker  than  obtains  in  the  Squirrel ;  while,  although  rather  larger, 
they  have  the  same  proportions  as  in  the  Spermophilus  MongoUcus. 
The  ungual  phalanges  (Figs.  12 — 13)  likewise  agree  with  the 
Spermophilus ;  those  of  the  Squirrel  being  more  curved  and  com- 
pressed. 

The  comparison  of  these  fossil  remains  seems  to  me  to  indicate 
such  a  much  closer  agreement  with  the  S,  Altaicus  (=5.  Eversmanii) 
than  with  any  other  available  recent  form,  that  1  feel  justified  in 
referring  them  provisionally  to  that  species ;  and  none  of  the 
characters  presented  by  these  fossils  militates  against  the  probability 
of  this  allocation  being  correct.  Dr.  Nehring,  in  his  interesting 
paper  on  SpermophiluSy  above  referred  to,  says,  **A11  the  fossil 
Spermophili  at  present  found  show,  that  in  the  period  immediately 
succeeding  the  Glacial  epoch,  and  perhaps  also  in  the  last  part  of 
that  period,  the  genus  lived  in  numbers  in  the  plains  and  hilly 
regions  of  Middle  Europe  and  extended  into  France,  Belgium, 
England,  and  Denmark."  To  this  we  may  now  add,  that,  the  genus 
is  known  to  have  existed  in  East  Anglia  at  the  beginning  of  the 
Glacial  Period;  and  before  the  deposition  of  the  Till. 

EXPLANATION  OF  PLATE  II. 

Spermophilus  Altaieut  ?  from  the  Arctic  Freshwater  Bed,  beneath  the  Glacial  Till, 

near  Mundesley. 

Fia.  1.    Left  npper  molar  (m.  1  or  m.  2)  grinding  surface. 
,,     la.  Same  tooth,  view  of  inner  side. 
,,     2.     Right  upper  molar  (m.  1.  or  m.  2)  grinding  surface. 
,,     3  &  4.  Left  and  right  lower  premolar  4,     ,,  „ 

,,     5  &  6.  ,,  ,,        true  molar   1      ,,  ,, 

j»     7  »  o.  ,,  ,,  ,,  2,     ,,  ,, 

,,     9.  Caudal  Tertebra,  seen  from  below. 
,,     9a.  Same  specimen,  front  view. 

,,  10.  Proximal  phalanx  of  a  digit,  seen  from  above. 

„  II.  Middle  „  „  „ 

„  12.  Distal  ,,  „  „ 


1 2a.  Same  specimen,  side  view. 

13.    Another  smaller  distal  phalanx,  side  view. 

Figures  1  to  8  are  enlarged  6  times ;  and  9  to  J  3  are  enlarged  4  times. 


»» 
»» 
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HL — Some  Poiwts  in  the  Groloqt  op  Anglesey. 

Sy  C.  Callaway,  M.A.,  D.Sc.  (Lond.),  F.G.S. 

I  DO  not  hesitate  to  say  that  Dr.  Hoberts  could  not  have  written 
the  letter  which  appears  in  this  Magazine  for  December,  1881, 
if  he  had  read  my  papers  on  Anglesey  with  care.  Not  only  does 
he  oonfound  together  things  which  I  have  expressly  made  to  di£fer, 
bat  he  attributes  to  me  opinions  which  never  existed  in  either  my 
thoughts  or  my  writings.  I  must  remove  some  of  these  misappre- 
hensions, before  discussing  the  real  questions  in  dispute. 

1.  Dr.  Roberts  refers  to  the  grit  in  the  quarries  near  Nebo, 
"  which,"  he  says,  ''  Dr.  Callaway  has  mistaken  for  granitoidite."  I 
do  not  think  that  any  selection  of  words  in  our  language  could  more 
emphatically  contradict  this  singular  misstatement  than  the  following 
quotation  from  one  of  the  very  papers  from  which  my  critic  is  sup- 
posed to  have  derived  his  information  : — *'  I  could  find  no  granitoid 
rock  in  these  quarries,  but  the  ordinary  granitoidite  occurs  on  about 
the  same  horizon,  one-third  of  a  mile  to  the  north-east."  ^  On  the 
Mime  page,  I  refer  to  the  rock  as  *'  quartzose  grit "  and  "  quartzose 
ooDglomerate,"  descriptions  which  Dr.  Roberts  himself  adopts. 

2.  Dr.  Roberts  discusses  the  contorted  rocks  of  Northern  Anglesey, 
** which,"  he  affirms,  ''Dr.  Callaway  has  included  under  the  head 
metamorphic."  Again  we  have  : — "  This  area  of  so-called  metamor- 
phic  rock."  And  that  his  readers  may  be  thoroughly  impressed  with 
mj  error,  he  further  on  reiterates,  "  which  Dr.  Callaway  has  included 
under  the  head  metamorphic,"  and  more  to  the  same  effect  All  this 
is  pure  error.  Referring  to  one  of  my  papers  on  Anglesey,  my 
critic  will  see  that  over  a  page'  is  occupied  in  showing  that  the 
locks  in  question  are,  on  the  whole,  not  metamorphic,  but  sometimes 
unaltered,  sometimes  partially  altered,  sometimes  metamorphic.  On 
the  next  page,  they  are  summarized  thus: — "The  northern  area  is 
thas  seen  to  consist  of  chloritic  schists,  felspatho-quartzose  grits, 
felspathic  shales,  chloritic  slates,  quartz-conglomerates,  and  grey 
limestones,  with  some  homstone'  bands  at  more  than  one  horizon." 
Out  of  these  seren  types,  only  one  (chloritic  schist)  has  undergone 
thorough  metamorphism.  A  little  further  on  (p.  229),  I  include 
these  strata  in  my  **  Slaty  Series,"  which  I  describe  as  "  hypometa- 
morphic,  a  term  used  to  express  a  partial  change." 

It  is  more  satisfactory  to  come  to  genuine  criticism.  Dr.  Roberts 
objects  to  my  statement  *^  that  in  no  case  are  there  any  signs  of  a 
tTMisition  between  altered  and  unaltered  beds."  He  "  imagines  " 
that  I  refer  to  Northern  Anglesey  only,  but  a  writer's  own  words  are 
ft  safer  guide  than  his  critic's  imagiuation.  I  made  no  such  limit. 
I  Qsed  such  phrases  as  ''  the  altered  rocks  of  Anglesey,"  and  **  many 
parts  of  Anglesey."  But  I  will  confine  myself  to  the  northern  area, 
liDce  Dr.  Roberts  finds  it  more  convenient.  In  opposition  to  my 
^ws,  he  announces  that  he  is  '*  in  a  position  to  state  that   ...   at 

'  Gbol.  Mao.  March,  1880,  p.  118. 

*  Quart.  Joum.  Geol.  Soc.  toi.  xxxvii.  p.  223. 

'  Incorrectly  printed  **  limestone.'* 
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two  points  (at  any  rate)  ....  a  distinct  passage  can  be  seen  and 
traoed  inch  by  inch  from  the  fossiliferous  shales  to  the  beds  marked 
'  altered  Cambrian '  on  the  Survey  Map."  At  one  of  these  localities, 
''  the  two  series  can  be  seen  passing  into  one  another,  the  one 
dipping  under  the  other."  Dr.  Roberts  contents  himself  with  a 
"passage"  at  "two  points."  I  could  have  told  him  of  dozens  of 
such  "  passages."  Every  one  familiar  with  Archadan  work  knows 
that  iaien  alone  they  prove  nothing.  The  unaltered  beds  are  let 
down  by  faults,  and,  when  the  dips  are  the  same  (which  is  often  the 
case  in  the  north  of  the  island,  though  less  frequent  in  the  west), 
the  newer  rocks  appear  to  pass  conformably  under  the  older.  It  is 
unsafe  to  affirm  a  passage  between  two  groups,  unless  there  is  a 
gradation  in  mineral  characters  and,  when  one  is  altered,  in  state  of 
alteration ;  but  Dr.  Eoberts  asserts  neither  of  these  conditions.  It 
needs  double  caution  in  working  on  his  method  when  the  upper 
group  is  more  highly  altered  than  the  lower,  since  the  theorist  must 
be  prepared  to  consider  why  the  metamorphism  did  not  affect  the 
lower  series,  and  why,  in  its  supposed  downward  progress,  it  stopped 
abruptly.  During  several  months  of  close  work,  undertaken  at 
intervals  extending  through  the  last  three  years,  I  have  examined 
scores,  if  not  hundreds,  of  junctions  between  altered  and  unaltered 
groups  in  Anglesey,  and  the  line  of  separation  was  invariably  clear 
and  sharp.  It  is  incredible  that  such  should  have  been  my  ex- 
perience, had  a  true  passage  existed. 

It  is  not  necessary  to  review  the  general  question  of  the  Archsean 
age  of  the  altered  and  contorted  rocks  of  Anglesey.  I  will  content 
myself  with  stating  that  when  Dr.  Roberts  has  thoroughly  explored 
the  island,  be  will  find  that  the  Cambrians  contain  fragments 
derived  from  his  **  gnarled  series."  This  will  place  him  in  a  rather 
awkward  dilemma. 

My  critic's  confused  views  of  the  Anglesey  Archaeans  appear  to 
have  originated  in  the  assumption  that  all  his  '* gnarled"  rocks 
belong  to  one  series.  I  have  given  reasons  for  believing  that  there 
are  two  contorted  groups  ;  the  one  newer  than  the  granitoidite,  and 
hy  pome  tarn  orphic  ;  the  other  underlying  the  granitoidite,  and  meta- 
morphic.  The  latter  rocks  occupy  the  area  west  of  the  Menai 
Straits,  a  part  of  the  Central  Zone,  and  the  west  of  the  island  as  far 
north  as  the  Forth -y-defaid  fault.  They  differ  widely  from  the 
northern  group  and  the  series  west  of  Malldraeth  Marsh,  in  both 
mineral  characters  and  degree  of  alteration.  The  rocks  of  the  north 
are  by  my  critic's  admission  not  entitled  to  be  called  "  metaraorphic," 
and  that  I  am  not  alone  in  applying  that  term  to  the  Menai  and 
Holyhead  schists  will  appear  from  the  following  quotation  from  a 
letter  by  Prof.  Bonney,  F.R.S.,  whose  competence  as  a  microlitholo- 
gist  will  hardly  be  questioned. 

"  I  have  not  yet  seen  enough  of  the  extremely  difficult  geology  of 
Anglesey  to  enable  me  to  commit  myself  to  any  opinion  beyond  the 
assertion  that  this  island  contains  a  large  tract  of  metamorphio  rock 
of  Pre-Cambrian.age;  neither  will  I  venture  to  discriminate  between 
the  Tarioiu  rocks  which  may  have  been  included  in  the  'gnarled 
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leries,'  though  I  think  it  likely  that  field  ohsenrers  may  have  in- 
oltuled  in  it  rooks  Tery  different  in  their  real  mineral  oharaoter. 
But  I  will  assert  that  the  Bohists  on  the  Anglesey  shore,  near  the 
Menai  Bridge,  those  in  the  neighbourhood  of  the  Valley  station,  and 
tliose  near  the  town  of  Holyhead,  thoroughly  deserve  the  title  of 
metamorphio  rocks.  I  believe  the  idea  that  these  or  their  equiva- 
lents are  of  Bala  age  has  been  called  '  a  working  hypothesis.'  To 
myself,  who  have  taken  some  pains  to  study  rocks,  especially  of  this 
class,  it  is  about  as  valuable  as  one  would  be  that  for  stratigraphical 
purposes  paid  no  attention  to  the  species  of  fossils." 

Prof.  Bonney  also  permits  me  to  quote  an  extract  from  another 
letter,  in  which,  referring  to  my  opinion  that  in  the  central  area, 
which  he  had  just  examined,  the  dark-green  homblendic  and  chloritio 
achiHts  pass  below  the  granitoidite,  he  says  : — ''  I  must  say  that  the 
evidence  in  favour  of  your  view  appears  to  me  very  strong." 

I  did  not  reply  to  Dr.  Roberts'  paper  on  Twt  Hill  (Gbol.  Mao. 
Hay,  1881),  because  the  matter  in  dispute  was  one  for  which  I  was 
responsible  in  a  very  secondary  degree.  I  should  be  greatly 
relieved  if  he  could  prove  the  Cambrian  age  of  the  conglomerate, 
nnce  it  contains  pebbles  of  gneiss  undistinguishable  from  the  grey 
variety  round  Gwalchmai.  This  fact  has  always  been  a  stumbling- 
block  to  me.  If  this  conglomerate  is  Cambrian,  the  difficulty  is 
removed,  and  we  are  furnished  with  an  additional  proof  of  the  Pre- 
Cambrian  age  of  the  gneissic  series. 

Dr.  Hol)erts,  in  his  coucludiug  paragraph,  asserts  that  I  have 
misapprehended  some  of  the  most  important  sections.  He  then  at- 
tempts to  prove  this  rather  formidable  proposition  by  giving  one 
example :  the  section  near  Nebo.  Passing  over  this  numerical  in- 
consistency, I  will  content  myself  with  reaffinning  my  opinion.  I 
have  always  been  perfectly  aware  that  the  black  shale  is  faulted 
ag:unst  the  grit.  Indeed,  in  my  note-book,  I  find  a  section  (dated 
July  20,  18«0)  which  is  almost  a  facsimile  of  the  figure  in  Dr. 
Roberts*  paper.*  My  view  always  has  been  that  the  shales  were 
originally  unconformably  deposited  on  the  grit,  and  that  the  latter 
was  afterwards  thrust  up  through  the  shales,  which  were  thrown  off 
Iq  various  directions,  but  a  part  remained  on  the  grit,  lying  in 
denuded  hollows.  I  freely  admit  that  some  eccentric  lateral  move- 
ments may  have  pro<luced  the  appearances  described,  and  in  Anglesey 
one  is  surprised  at  nothing ;  but  at  present  I  prefer  to  adhere  to  the 
more  natural  interpretation. 

As  I  am  writing,  I  may  as  well  refer  to  some  points  discussed  in 
Dr.  Koberts'  former  paper.  lie  attempts  to  prove  that  the  con- 
glomerate at  Penlon  is  Cumbrian,  because,  as  he  asserts,  there  is  an 
unbroken  succession  down  into  it  from  the  Cambrian  shales.  I 
confess  myself  puzzled  with  his  mode  of  working.  The  exposures 
are  few  and  distant,  especially  in  the  area  north  of  the  quarry,  where 
they  are  most  wanted.  How  one  formation  can  be  "  traced  down  ** 
into  another  on  such  evidence  as  this,  requires  explanation.  Anglesey, 

^  Gbol.  Mao.  May,  1881,  p.  197. 
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especially  in  this  part  of  the  island,  is  so  thickly  scored  with  faults^ 
that  no  efforts  of  the  imagination  are  admissible. 

The  rock  at  Bryngwallen,  which  Dr.  Roberts  wishes  to  correlate 
with  the  Twt  Hill  conglomerate,  is  undoubtedly  Cambrian  ;  but  the 
lithological  resemblances  between  the  two  types  are  by  no  means 
striking.  They  are  alike  in  containing  pebbles  of  vitreous  quartz, 
but  this  mineral  is  too  widely  distributed  to  prove  much. 

The  other  inclosed  fragments  do  not  correspond ;  the  Twt  Hill 
rock  containing  jasper,  quartzite,  and  schist,  while  the  Bryngwallen 
conglomerate,  besides  the  quartz,  incloses,  so  far  as  I  could  find, 
only  felsite  pebbles,  which  alone  would  be  sufficient  to  suggest  a 
Post-Archa3an  age.  It  is  curious  that  Dr.  Roberts  should  maintain 
that  "  the  absence  of  felsite  pebbles  "  in  this  rock  '*  removes  the  only 
really  strong  d  priori  argument  against  referring  the  Twt  Hill  bed 
to  the  Cambrian  series ;"  when  almost  the  first  blow  of  my  hammer, 
on  my  visit  to  the  quarry,  struck  off  a  piece  of  conglomerate  contain- 
ing at  least  one  felsite  pebble. 

IV. — Supplement  to  a  Chapter  in  the  History  of  Meteorites. 

By  Walter  Flight,  D.Sc,  F.G.S. 

IN  the  volume  of  the  Geological  Magazine  which  appeared 
in  1875,  I  published  a  digest  of  the  literature  relating  to  the 
meteorites  which  fell  between  1869  and  that  date,  as  well  as  an 
examination  of  the  work  done  during  that  interval  of  time  on 
meteorites  which  had  fallen  before  1869.  I  purpose  now  to  direct 
the  reader's  attention  to  what  has  happened  or  been  done  during  the 
intervening  years,  1875  to  1881,  and  bring  the  supplement  down  to 
the  present  time. 

Found  1870.— Ovifak,  Disko,  Greenland.^ 
M.  Daubree  gives  the  name  lAitcrencite  to  the  iron  protochloride, 
the  presence  of  which  he  has  detected  in  the  curious  meteoric  irons 
of  Ovifak.     It  was  earlier  recognized  in  the  Tennessee  meteoric  iron 
by  Dr.  Lawrence  Smith. 

The  Academy  of  Sciences  of  Paris  appointed  a  commission  to 
report  on  a  paper  by  Dr.  Lawrence  Smith  on  the  supposed  native 
iron  of  Greenland,  and  their  report  has  recently  been  presented  by 
M.  Daubree.  It  is  pointed  out  that  the  bodies  which  come  from 
beyond  our  atmosphere,  and  which  are  called  meteorites,  present,  as 
regards  their  mineralogical  constitution,  a  most  striking  resemblance 
to  certain  terrestrial  rocks.  The  important  fact  that  masses  derived 
from  most  widely  separated  regions  of  space  should  present  such 
resemblances  was  pointed  out  by  Nordenskjold  in  1870,  when  he 
discovered  large  masses  of  native  iron  at  Ovifak,  on  the  island  of 
Disco,  Greenland.  The  first  thought  which  suggested  itself  to  him 
was  that  they  were  of  meteoric  origin.  In  order  to  explain  the  fact 
that  these  masses  were  fused  into  the  basalt,  he  assumed  that  they  had 
fallen  into  it  while  it  was  still  liquid.  Many  adopted  this  view,  and, 
among  others,  Nauckhofif  and  Tschermak.     Steenstrup,  on  the  other 

^  G.  A.  Daubree,  CompLrend,  1877>  Jan.  8th,  Ixxzi?.  66 ;  Ibtd,  Luxyii.  911. 
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hand,  after  visitiDg  the  locality  twice,  came  to  the  conclusion  that 
they  were  masses  of  native  iron,  and  that  they  had  the  same  terres- 
trial origin  as  the  basalt  itself.  Not  far  from  Ovifak,  in  the  Waigat- 
ttiane,  Steenstrap  found  evidence  which  supported  this  theory :  in 
the  basalt  of  Igdlokangoak  he  hit  upon  a  mass  of  metalliferous  mag- 
netic pyrites  weighing  about  28,000  kilog.,  and  again,  in  the  basalt 
of  Aussuky  small  grains  of  native  iron.  The  graphite  associated  with 
this  iron  pointed  to  the  probability  that  carbonaceous  substances  had 
reduced  this  metal ;  moreover,  the  rock  enclosing  the  native  iron 
contained  the  silicate  of  ferric  hydrate  which  has  received  the  name 
Hisingerite.  With  these  opposing  views  so  plainly  set  forth,  Dr.  L. 
Smith  has  gone  over  the  whole  question,  and  comes  to  the  same 
conclusion  as  Steenstrup,  that  the  masses  of  metal  are  of  terrestrial 
origin.  He  finds  that  in  the  doleiite  of  Anssuk,  as  well  as  that  of 
Ovifak,  which  it  closely  resembles,  metallic  iron  is  found  enclosed 
in  labradorite ;  anorthite  is  likewise  found  in  certain  parts  of  the 
mass  of  the  rock,  and  oligoclase  also. 

Iron  has  been  obtained  from  seven  localities  in  Greenland :  from 
Sowallicke,  Fiskenos,  Niakomak,  Gliick's  Bay,  Jacobstown,  Ovifak, 
and  Aussuk.  The  iron  of  Sowallicke  and  Niakornak  is  found  by  Dr. 
L  Smith  to  contain  combined  carbon,  just  as  the  Ovifak  iron  does ; 
ID  fact,  he  states  that  all  specimens  of  iron  obtained  from  Greenland 
are  similar  in  this  respect,  and  differ  from  meteoric  iron,  which  con- 
tains no  combined  carbon  ;  moreover,  these  masses  all  contain  cobalt 
in  considerable  quantity  in  relation  to  nickel.  Dr.  Smith  next  refers 
to  the  similar  geological  character  of  the  area  where  the  iron  has 
been  found,  it  being  found  only  in  the  basalt  region,  which  extends 
from  69®  to  76'^,  where  it  disappears  under  a  huge  glacier.  We  shall 
probably  never  know  how  wide  the  extent  is  of  this  volcanic  area 
which  stretches  far  away  north  ;  that,  however,  which  has  been  seen 
represents  an  area  equal  to  one  extending  from  Gibraltar  to  Brest. 
We  know  that  the  terrestrial  rocks  which  present  the  closest  resem- 
blance to  the  meteoric  rocks  belong  to  the  lowest  beds  of  the  earth. 
Some  are  eruptive  rocks  of  a  basic  character,  consisting  of  anorthite 
and  augite,  like  certain  lavas  from  Iceland ;  others  are  of  oli vinous 
locks,  like  Iherzolite,  to  which  the  meteorites  containing  magnesia — 
those,  in  fact,  of  the  ordinary  type— belong.  The  gangue  of  oli  vinous 
rocks  accompanying  the  platinum  of  the  Urals,  and  the  presence  of 
nickel  in  the  native  iron  combined  with  the  platinum,  have  con- 
firmed these  relations,  which  are  of  interest  alike  for  the  geologist 
and  the  astronomer.  It  was  expected  that  among  the  aluminous  and 
magnesian  rocks  some  might  be  found  in  which  iron  should  begin  to 
make  its  appearance,  and  this  gap  has  now  been  filled.  In  the 
Greenland  beds  layers  of  lignite  are  found  associated  with  the  basalt, 
and  this  may  have  furnished  the  material  which  has  reduced  the 
iron  to  the  metallic  state. 

Found  1872. — ^Neuntmannsdorf,  near  Pima,  Saxony.^ 
This  mass  of  meteoric  iron  was  found  in  1872,  and  a  superficial 
i  F.  £.  Geinitz,  Jahrbuchfur  Mineralogie^  1876,  p.  608. 
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examination  of  it  by  Lichtenberger  was  made  in  the  following  year 
('*  SitzungHber.  der  Isis,"  Dresden,  1873,  p.  4).  It  is  a  rounded 
block  of  malleable  iron,  weighing  25  pounds,  and  covered  with  a 
blackish-brown  crust  of  oxide.  Like  the  meteorio  irons  of  Ovifak, 
DiHko  Island,  Greenland,  and  many  others,  it  contains  chlorine,  and 
in  damp  warm  air  rapidly  oxidises  and  exfoliates.  The  metal  has 
the  grey  colour  of  iron,  does  not  exhibit  the  Wiedmannstattian 
figures,  and  has  a  specific  gravity  of  6*21  Geinitz  finds  the  com- 
position of  this  iron  to  be — 

J-lOIl  ..(  ...  «.s  •««  ...  .«•  (.,         v9   v4 

Nickel  6-16 

Phosphorus 0*22 

99*42 
In  the  iron  are  many  rounded,  sometimes  elongated,  hollows  filled 
with  a  yellowi8h-brown  mineral  having  the  specific  gravity  =: 3*98. 
This  on  analysis  was  found  to  consist  of — 

Iron ...     ...     ...     o3*oZ 

Sulphur 37*36 

101*18 
which  showed  it  to  be  troilite  (iron  monosulphide),  and  to  accord 
in  composition  with  the  sulphide  found  in  the  meteoric  iron  of 
Seeliisgen.  One  cavity  was  filled  with  what  appeared  to  be  the 
same  mineral  in  a  crystalline  form.  This  is  the  first  occasion  where 
troilite  has  been  met  with  otherwise  than  massive. 

Found  August,  1873. — Duel  Hill,  Madison  Co.,  N.  Carolina.^ 

A  mnss  of  meteoric  iron  was  found  in  August,  1873,  on  the  land  of 
Mr.  Hobert  Farnesworth,  lying  on  a  hill-side,  where  it  had  been  used 
probably  by  the  first  settlers  to  support  a  corner  of  a  rail  fence 
since  rotted  away.  (A  similar  block,  weighing  about  401b.,  was 
discovered  about  a  mile  further  west,  **  before  the  war,  perhaps  about 
1857,"  but  has  since  been  covered  over  and  lost.)  The  mass  above 
referred  to  originally  weighed  some  25  lb. ;  but  specimens  have  been 
hammered  off  it,  and  it  now  weighs  211b.  and  measures  9x6^ 
X  3^  inches.  It  has  the  usual  coating  of  magnetite,  and  from 
vanous  points  of  the  surface  bead-like  drops  of  iron  chloride  exude. 
When  polished  and  etched,  'Hhe  usual  markings  appeared,  though 
rather  indistinct,"  and  when  the  action  of  acid  was  pmlonged  distinct 
particles  of  Schreibersite  were  seen  to  protrude  from  the  face  of  the 
metal.  The  meteorite  has  a  specific  gravity =7*46  and  the  following 
composition : — 

XaOu  ...        ...        «••        *••        ...        ...        ••.        Vs   ^s 

^^  Iv  ILwl      ...         ...         ...         ...         ...         ...         «••  v^l 

I^ODtllv    ...       ...       ...       •••       ...       ...       ...         Utfl 

Copper  ..*.     ...     Trace 

Phosphorus 0*14 

Hesiduo 0*15 


100*07 
^  B.  S.  Burton,  Amer,  Joum,  Se,  1876,  xii.  439, 
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1878.— Chnlaflnee,  Clebome  Co.,  Alabama.^ 
The  writer  refers  to  a  mass  of  iron  wliioh  was  found  in  1873,  and 
mpposed  at  the  time  to  be  a  speoimen  of  bog  iron-ore.  It  was  taken 
to  a  blaoksmitb,  who  managed  to  remove  a  piece  weighing  d^Ibs., 
which  waa  wroagbt  into  horseshoe  nails  and  a  point  for  a  plough. 
It  remained  wbere  it  was  found  till  last  year,  when  it  was  sent  to 
Henlo  Park.  It  weighs  32^  lbs.,  and  its  form,  as  well  as  the 
diaractor  of  an  etched  surface,  are  shown  in  woodcuts  accompanying 
the  paper.  An  analysis  shows  it  to  contain  iron  and  nickel,  with 
a  little  copper,  phosphorus,  and  carbon:  it  is  being  made  in 
daplicate,  and  will  be  published  lator  on.  The  Wiedmannstattian 
figares  are  well  developed. 

1874L  April  10th,  7-67  p.m.  (Pragne  mean  time).    Bohemia.* 

A  detonating  meteor;  conforms  in  radiant-point  with  that  of 
1876,  April  9th. 

1874.   Kay  14th,  2*30  p.m.    Castalia,  Nash  Ck>.,  H.  Carolina. 

[Lat  88°  ir,  Long.  7r  6(y.]« 

A  short  notice  in  Silliman's  Journal  statos  that  the  descent  of 
these  meteorites,  numbering  a  dozen  or  more,  was  accompanied  with 
a  series  of  explosions  and  rumbling  noises  which  lasted  about  four 
minutes,  and  were  "  not  unlike  the  discharge  of  firearms  in  a  battle 
a  few  miles  off."  Although  the  fall  took  place  by  day,  a  luminous 
body  was  observed.  The  area  over  which  the  fragments  fell  was 
ten  miles  long  and  three  wide.  Three  stones,  weighing  55,  1*0, 
and  0-8  kilog.,  have  been  found.  The  dull-coloured  crust  does  not 
entirely  cover  the  stones,  the  fused  matter  forming  it  being  scattered 
orer  some  small  parts  of  the  surface  in  the  form  of  pear-shaped 
beads ;  in  one  or  two  crevices  the  fused  material  has  penetrated 
5  millims.  below  the  surface,  and  here  it'  is  more  brilliant  than  on 
the  surface. 

The  colour  of  the  interior  is  in  many  parts  of  a  dark  grey,  owing 

to  the  presence  of  a  larger  amount  of  nickel-iron ;  in  the  lighter 

portions  are  seen  some  whito  spots  of  a  mineral  that  is  doubtless 

enstatito.     The  specific  gravity  of  the  stone  is  2*601,  and  its  prozi- 

iDate  composition : — 

Nickel-iron  16-21 

Soluble  silicate 44-92 

Insoluble  silicate 39-87 

100-00 

The  metallic  part  consists  of — 

Iron  =  92-12;  Nickel  =  6*20;   Cobalt  =  98-73; 
and  the  siliceous  portions  of — 

SiOa        AloOs        FeO         MgO        NaoO  S 

A.  Soluble  ..  ..     38-01        0-46        17-51        41-27        "       1-01=98-26 

B.  Iit^olubie...     62-61        4-80         13-21         2731         1-38         =99-31 

'  W.  E.  Hidden,  Amer,  Joum.  Se.  1880,  xix.  370. 

'  Prof.  ijr.  von  Niessl,  Sitzufu/aher.  Ahid.  Il'iu,  irien^  buy.  April  19th,  1877. 

'  J.  L.  Smith,  Amer.  Journ,  Sc,  [3]  viii.  147. 
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Tlie  soluble  silicate  is  an  olivine  in  which  the  ratio  of  MgO  to  Fe 
is  about  4:1;  the  insoluble  is  a  bronzite ;  and  in  addition  to  the 
minerals  already  mentioned,  the  presenoe  in  the  Gastalia  stones  of 
small  amount  of  iron  sulphide  and  anorthite  was  recognized. 

1874.    November  26,  10.30  am.— Kerilis,  Cfommune  da  Mael- 
Pestivien,  Canton  de  Callao  (C6te«-dn-Hord).> 

A  great  noise,  lasting  two  minutes,  and  resembling  a  peal  of 
thunder,  was  heard  at  this  date  at  Mael-Pestivien,  and  for  ten 
kilometres  around.  At  the  same  instant  a  workman  near  the  village 
of  Kerilia  saw  the  earth  struck,  at  a  spot  12  metres  distant,  by  what 
ho  believed  to  be  thunder.  He  visited  the  spot  the  next  day,  and 
found  a  meteorite  at  a  depth  of  0*78  m<^tre.  The  stone  weighed 
5*000  kilogrammes,  and  is  covered  with  a  remarkably  thick  black 
crust :  a  number  of  fragments  were  detached  from  the  stone  till  its 
weight  was  reduced  to  4'200  kilogrammes;  it  then  passed  into  the 
hands  of  a  clergyman,  who  bought  it  and  presented  it  to  the 
Natural  History  Museum  of  Paris. 

A  freshly  broken  surface  of  the  stone  shows  a  mottled  and  striated 
surface,  with  metallic  grains  of  nic£:el  iron ;  the  surface  is  of  a  deep 
grey  colour  with  ochre-coloured  spots,  due  doubtless  to  traces  of  iron 
ehlonde.  The  individual  grains  vary  in  size ;  some,  the  largest,  are 
chalk-white,  the  most  numerous  are  of  an  ashy-grey ;  here  and  there 
rounded  grains  (the  chondra  of  Gustav  Bose)  are  apparent,  as  well 
as  yellow  or  bronzy  grains  of  pyrrhotine.  The  grains  of  nickel  iron 
are  very  small.  The  density  of  the  meteorite  is  3*51.  By  the  action 
of  hydrogen  chloride  GO  per  cent,  of  the  stone  dissolves :  this  consists 
of  olivine,  nickel  iron,  and  pyrrhotine ;  the  residue  under  the  micro- 
scope is  found  to  consist  of  a  great  number  of  crystalline  grains, 
much  acted  upon  by  polarised  light,  and  some  of  which  show  the 
fonns  of  the  prism ;  others  show  the  cleavage  which  indicates 
eustatite.  Besides  these  are  black  grains  of  chromite  with  an 
octahedral  contour. 

This  stone  most  closely  resembles  those  of  Limerick  (Adare)  which 
fell  1813,  September  10th,  and  Ohaba,  Siebenbourg,  18G7,  October 
10th,  and  belongs  to  the  group  of  Sporadosideres  and  the  sub-group 
Oligosideres. 

Found  1874.— Waconda,  Mitchel  Co.,  Kansas.^    [Lat.  39°  20^, 

Long.  98^  lO-.J 

This  meteorite  was  found  in  1874,  lying  above  ground  upon  the 
slope  of  a  ravine  about  two  miles  from  the  village  of  Waconda. 
Fragments  amounting  to  about  one-half  of  the  stone  were  removed 
at  tlie  time ;  the  remainder,  weighing  about  58  lb.,  is  partially 
covered  with  a  black  crust.  The  freshness  of  the  original  fracture, 
at  the  time  when  the  stone  was  submitted  to  examination,  points  to 
the  fall  being  one  of  recent  date. 

1  Ibid.  p.  28.     M.  Daubr^e,  Compt,  rend.  1880,  xci.  28. 

'  C.  U.  Shepard,  Amer.  Jourti,  He.  1876,  3d.  473.     See  also  J.  L.  Smith,  Amer. 
Jourj/.  Sc.  1877,  March,  xiii. 


^ 
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It  cloeely  resembles  the  stone  of  Searsmont  (2lst  May,  1871)  in 
ooloar,  but  is  lt»s  cbondritic,  and  only  exhibits  this  charaoteristio  of 
certain  meteorites  in  a  very  imperfect  manner.  Crystals  of  what 
appear  to  be  augite  are  obser^'ed  imbedded  in  an  amorphous  whitish 
ground-mass ;  nickel-iron  is  present  thickly  scattered  throughout 
the  stone  in  minute  rounded  lustrous  grains ;  while  troilite  is  now 
and  then  met  with  in  grains  of  considerable  size  or  aggregations  of 
imperfect  crystals.  A  fragment  partially  covered  with  crust  was 
found  to  have  a  specific  gravity  =  8*81 ;  that  of  another  fragment 
without  omst  was  =  3*58. 

Mechanical  separation  of  the  ingredients  was  attempted,  and  5*66 

roent  of  nickel-iron  and  I'd*^  per  cent,  of  troilite  were  isolated. 

f  the  remaining  siliceous  portion  rather  more  than  one-half  gela- 
tinized with  acid,  and  was,  presumably,  olivine;  the  remainder, 
aooording  to  Prof.  Shepard,  consists  of  "augite,  some  felspathio 
^tecies,  and  ohiadnite,"  by  which  last  mineral  enstatite  presumably 
ii  meant.  There  exists  a  rumour  that  a  second  meteorite  has  been 
met  with  twelve  miles  distant  from  the  above. 

Dr.  Lawrenoe  Smith  found  the  density  of  this  stone  to  vary  from 
8*4  to  3'6  and  its  composition  to  be : — 

Stony  matter  =  9081 ;  Nickel-iron  =  6*34  ;  and  Troilite  =  3-85. 

The  nickel-iron  contained  : — 

Iron  =  86-18 ;  Nickel  =  1202 ;  Cobalt  =  0  91 ;  Copper  =  0*04. 
and  the  stony  part  consisted  of : — 

Soluble  part  =  59-00  ;  Insoluble  part  =  41*00. 

which  are  made  up  of — 

Silicic  acid     

Iron  protoxide      

^*mfiMiMm> » .      ••.      •••      •••      •■•      •••      ••• 

iUasiiedui       •■.     ••■     ..•     ...     ...     ... 

Aiauiraneso     ...     ..>     ...     ...     ...     ... 

Soda,  with  trace  of  potash  and  lithia  ... 

1  f'  f '^"     •••    •••    •••    •■•    •••    •••    ••• 

The  analysis  clearly  shows  that  the  stony  part  of  this  meteorite 
consists  of  the  usual  mixture  of  olivine  and  pyroxene ;  the  hydro- 
siderite  predominating  in  the  former  and  bronzite  in  the  latter. 

Two  minerals   were  detached   in  small  quantities  and  analyzed 

separately.     The  first  was  a  dark-coloured  mineral  readily  seen  in 

Hnall  parcels   or   veins ;   it  was   almost  entirely   decomposed    by 

Itjdrogen  chloride ;  its  composition  was  : — 

Silicic  acid    4110 

Iron  protoxide      27*20 

Alumina       0*80 

Magnesia      28'3l 

Manganese 0*32 

OC/Utt  •••        •••        •••        •••        •••        •••        •••  ^   0ti 

Ik  clearly  belongs  to  the  olivine  type.  The  other  mineral  was  found 
Ottly  in  one  part  of  the  specimen  which  reached  Dr.  L.  Smith ;  it 
formed  a  white  crystalline  mass,  and  weighed  about  20  mille- 
S^mes.  It  resembled  enstatite,  but  was  completely  decomposed 
^ybjdrochloric  acid,  and  as  far  as  ho  could  judge  couaiated  oii\^  ol 


Soluble. 

Insoluble. 

34-52 

5402 

3001 

18-10 

0-43 

2-30 

3250 

23-4.5 

061 

0-36 

0-89 

1-58 

Trace, 
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silicic  acid  and  magnesia.  It  appears  to  oooupy  the  same  place 
among  the  unisilicates  as  enstatite  does  among  the  bisilicates,  bat 
requires  further  examination. 

1875.    February  12th,  10-30  p.m.  (Chieago  time).    Iowa  Co., 

State  of  Iowa.' 

A  very  large  and  brilliant  fireball  passed  over  Iowa  City  at  the 
above  date,  in  a  direction  slightly  N.  of  W. ;  the  apparent  size  of 
the  meteor  was  about  half  that  of  a  full  moon,  and  it  was  aooom- 
panied  by  a  broad  train  of  light  of  a  slightly  green  hue.  Three 
separate  explosions  of  the  fireball  were  noticed  while  it  was  still  in 
view,  and  about  two  or  three  minutes  after  it  disappeared  three 
reports,  resembling  the  discharge  of  the  blast  of  a  quarry,  were  heard. 

The  phenomenon  attracted  general  attention  throughout  several 
counties  in  the  central  part  of  the  State  of  Iowa ;  and  although  the 
visible  path  of  the  meteor  does  not  appear  to  have  exceeded  60  to  60 
miles,  the  occurrence  attracted  attention  and  was  heard  over  an  area 
measuring  about  125  miles  from  E.  to  W.,  and  half  that  distance 
from  N.  to  S.  An  observer  at  Brooklyn  was  aroused  from  his  bed 
by  the  report ;  and  another,  who  was  riding  in  a  sleigh  near  West 
Liberty,  40  miles  E.  of  the  spot  where  the  stones  fell,  states  that 
o})jocts  were  rendered  about  as  visible  as  if  it  were  day,  the  explo- 
sions being  loud,  and  followed  by  a  rumbling  sound  that  lasted  some 
60  or  90  seconds.  According  to  the  Orinell  Herald,  the  interval,  as 
observed  at  that  town,  between  the  light  of  the  meteor  being  seen 
and  the  report  being  heard  was  three  minutes.  The  Des  Moines 
Begister  states  that  between  Red  Hock  and  Newton  some  of  the 
meteorites  passed  so  near  the  earth's  surface  that  they  clipped  off 
branches  from  the  trees. 

Prof.  N.  R.  Leonard,  of  the  Iowa  State  University,  states  that  the 
meteorites  weighed  altogether  about  250  lbs.,  whereof  141  lbs.  came 
into  his  possession;  Prof.  Hinrichs  makes  the  total  weight  about 
300  lbs.  The  largest  m«ws,  which  was  broken  in  falling,  weighed 
43^  lbs.,  the  chief  fragments,  found  together,  being  20  lbs.  and  IGlbs. 
in  weight. 

According  to  a  description,  of  a  very  sensational  character, 
which  is  given  in  the  Dubuque  Times,  one  of  the  meteorites  was 
found  in  a  field  about  three  miles  S.  of  the  village  of  West  Liberty, 
having  penetrated,  so  it  is  stated,  to  a  depth  of  fifteen  feet  into  the 
ground. 

The  Davenport  Gazette  states  that  another  stone  fell  at  Homestead, 
near  Iowa  City  (lat.  41°  46'  N.,  long.  92°  O'  W.),  in  a  field  covered 
with  ice  and  snow,  and  rebounded  in  a  N.E.  direction  for  a  distance 
of  more  than  thirty  feet  up  a  slight  declivity,  where  it  came  to  rest 

1  A.  "W.  Wright,  Amer.  Journ.  Sc.  ix.  459,  and  x.  44 ;  J.  "W.  Mallet,  Amer, 
Journ.  Sc.  1876,  i.  206;  N.  R.  Leonard,  ib.  x.  367  ;  A.  W.  Wright,  Anier.  Johth, 
A>.  1876,  xi.  263  ;  An  Account  of  the  Dttonatiug  Meteor  of  Febr^tary  12,  1876,  hy  C. 
W.  Irish,  Iowa  City,  1876,  Daily  Ficaa  Joh  Printing  Office,  Dubuque  Street; 
M.  Delafontaine,  Bibliotheqite  UniverseUe,  October.  1876,  1S8 ;  G.  A.  Daubr^e, 
rinslifut,  1876  (Nos.  105.122),  138 ;  C.  W.  Giimbel,  Sitztmgtbtr.  Ak.  JTiss. 
Miinchen,  1875,  v.  313. 
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in  the  sand,  whiob  was  fused  and  adhering  to  it.  It  weighed 
originally  about  7  lb.  6  oz.,  but  had  been  reduced  by  eager  curiosity - 
hunters  to  8  lb.  8  oz. ;  the  fractured  surface  of  this  meteorite  had  a 
dark  and  less  distinct  coating  than  that  belonging  to  the  larger  block 
from  whicli  it  had  been  detached  by  the  explosion. 

The  stones  are  covered  with  the  usual  black  crust,  and  there  is 
eridenoe  on  some  of  the  pieces  of  the  meteorites  of  the  fused  material 
of  the  outer  portion  having  run  partially  over  the  freshly  fractured 
sarfiEices.  Some  fragments  show  distinct  evidence  of  a  sort  of  lami- 
nation or  imperfect  stratification,  the  parts  where  the  surfaces 
cleaved  being  smoothed  down  as  if  by  pressure  or  friction.  About 
100  were  found,  varying  in  size  from  9500  to  50  grammes,  25  kilogs. 
having  been  sent  to  Paris.  A  preliminary  chemical  examination  of 
this  meteorite  has  already  been  made  by  L.  Smith,  who  finds  the 
specific  gravity  to  be  3*57,  and  the  composition : — 

Nickel-iron  «  12-53;  Troilite  »  5-82;  Silicates  «  81*64 :   total  10000. 
The  niokel-iron  consists  of — 

Iron  =  89-04,  Nickel  =  10-35,  Cobalt  =  0*54:  total  99-93, 
with  traces  of  copper,  phosphorus,  and  sulphur.  The  silicate  con- 
tains iron  protoxide,  alumina,  magnesia,  soda,  with  traces  of  lithia 
and  potash,  and  has,  according  to  L.  Smith,  very  similar  composi- 
tions to  the  meteorite  of  New  Concord,  Guernsey  Co.,  Ohio  (1860, 
1st  May).  Dauhree  remarks  on  its  chondritio  structure,  and  con- 
siders it  to  belong  to  a  large  class  of  meteorites,  notably  represented 
by  the  stones  which  fell  at  Vouille  (1831,  May  3l8t)  and  Aumale 
Algeria  (1865,  August  25th). 

This  meteorite  being  of  the  stony  kind,  and  having  so  recently 
fallen,  it  occurred  to  Wright  (see  also  the  examination  of  the  Texas 
Meteorite)  ^  to  examine  the  gases  contained  in  the  particles  of 
iron  distributed  throughout  its  mass,  with  a  view  to  learning  whether 
they  present  the  same  characters  as  the  gases  occluded  by  the  iron 
forming  large  and  independent  masses. 

He  extracted  from  this  picked  iron  at  a  moderately  elevated  tempe- 
rature several  times  its  volume  of  gas,  consisting  of  35  per  cent  of 
carbonic  acid,  14  per  cent,  of  carbonic  oxide,  the  remaining  51  per 
cent,  being  chiefly  hydrogen.  These  results  were  obtained  from 
metallic  portions  removed  with  the  magnet :  the  pulverized  rocky 
residue,  however,  retained  a  considerable  amount  of  iron  in  too  finely 
divided  particles  to  enable  them  to  lift  the  stony  fragments  adhering 
to  them  ;  accordingly  a  piece  of  the  solid  meteorite,  about  four  cubic 
centimetres  in  amount,  was  reduced  to  powder  and  placed  in  the  tube 
attached  to  the  pump.  The  warmth  of  the  hand  sufficed  to  dis- 
engage some  little  gas,  which,  when  tested,  was  found  to  contain 
carbonic  acid  and  hydrogen.  Tlie  pump  was  then  set  in  action,  and 
teat  applied  to  the  tube  in  the  following  manner : — I.  The  tempera- 
ture of  i)oiling  water  continued  for  several  hours.  II.  The  moderate 
lieat  (200°-250"^)  of  a  small  Hunsen  flame  applied  for  a  short  time. 
Hi.  A  stronger  heat,  kept  below  visible  redness,  applied  for  nearly 

*  Geol.  Mao.  1875,  Decade  II.  Vol.  II.  p.  364. 

SBCADS   II. — TOL.  XX. — NO,   U,  h 


66  Dr.  Walter  Flight— On  Meteorites. 

an  hour.  IV.  Low  red  heat  maintained  aboat  half  an  hour.  Y.  Full 
red  heat.  The  total  amount  of  gas  evolved  was  about  two  and  a 
half  times  the  volume  of  the  material  operated  upon,  and  twenty 
times  that  of  the  iron.  The  following  are  the  relative  proportions 
of  the  gases  obtained  at  different  temperatures : — 

I,  II.  III.  IV.  V. 

At  100'.       At260^        ^^\        ^*i°^         J!^^^ 

red  heat.       red  heat.        red  heat. 

Carbonic  acid  95-46     ...  9232  ...  42-27  ...  36-82  ...  6-66 

Carbonic  oxide    0*00?...  1-83  ...  5-11  ...  0*49  ...  0-00 

Hydrogen    454     ...  5-86  ...  48-06  ...  68-61  ...  87*53 

Nitrogen  (calculated) ...  0-00     ...  000  ...  4-66  ...  6-18  ...  6-91 

10000  10000  100-00  100-00  100-00 

As  regards  the  gas  they  occlude,  iron  and  stony  meteorites  show  a 
marked  distinction.  While  the  gases  of  the  Lenarto  iron  contained 
85*68  per  cent,  of  hydrogen,  those  obtained  from  cosmical  masses  of 
the  stony  kind,  if  the  Iowa  meteorite  may  be  regarded  as  a  type,  are 
characterized  by  the  presence  of  carbonic  acid,  which  constitutes 
nine-tenths  of  the  gas  evolved  at  a  temperature  of  boiling  water,  and 
about  one-half  of  that  given  oflf  at  a  low  red  heat 

The  spectrum  of  the  gas  of  the  Iowa  meteorite,  when  the  pressure 
of  the  pump  was  high,  gave  very  brilliant  carbon  bands,  the  hydrogen 
lines  being  weak  and  comparatively  inconspicuous,  although  at  a 
very  low  pressure  they  became  relatively  stronger.  The  brightest 
carbon  bands  were  the  three  in  the  green  and  blue,  the  red  one  being 
much  feebler.  These  are  precisely  the  ones  most  conspicuous  in  the 
spectra  of  some  of  the  comets ;  and  this  fact  is  a  remarkable  confirm- 
ation of  the  received  theory  as  to  the  meteoric  character  of  those  bodies. 

This,  moreover,  is  a  very  significant  fact  in  showing  that  it  is 
quite  unnecessary  to  assume  the  existence  of  volatile  hydrocarbons 
to  explain  cometary  spectra,  as  some  writers  have  done,  and  that  the 
presence  of  the  two  oxides  of  carbon  in  such  quantity  is  quite 
sufficient  to  account  for  all  that  has  been  observed  when  we  consider 
the  circumsUmce  that  the  tension  of  the  gases  of  the  cometary  ap- 
pendage must  be  extremely  small.  Were  a  large  comet  to  approach 
near  enough  to  the  sun  to  have  its  nucleus  intensely  heated,  it  is 
highly  probable  that,  over  and  above  the  bunds  already  observed,  the 
hydrogen  lines  would  be  found  in  its  spectrum. 

Wright  expresses  regret  that  such  a  comet  as  Donati's  should  have 
departed  into  space  just  early  enough  to  escape  observation  with  the 
spectroscope.  While  the  most  probable  cause  of  the  emission  of 
light  under  these  conditions  is  electricity,  another  may  be  found  in 
the  property  of  gaseous  bodies  of  emitting  light  of  the  same  character 
as  that  which  they  absorb.  It  is  not  altogether  improbable,  Wright 
suggests,  that  the  solar  radiations  absorbed  by  the  gaseous  matter, 
although  for  the  most  part  converted  into  heat,  would  also  in  part 
be  emitted  again  as  light,  and  that  in  the  case  of  volumes  of  gas 
filling  many  cubic  inches,  the  intensity  might  be  sufficient  to  give 
a  distinct  spectrum  of  broad  bands  or  lines,  even  though,  on  the 
scale  of  any  possible  experiment,  no  trace  of  such  action  can  be 
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detected.     These  researobes  have  led  the  author  to  accept  the  follow- 
ing oonclasions : — 

1.  The  stony  meteorites  are  distinguished  from  those  which  are 
metallic  by  occluding  the  oxides  of  carbon,  chiefly  carbonic  acid,  as 
their  characteristic  gases,  in  place  of  hydrogen. 

2.  The  proportion  of  carbonic  acid  evolved  is  much  greater  at  low 
than  at  high  temperatures,  and  is  sufficient  to  mask  the  hydrogen  in 
&e  spectram. 

3.  The  amount  of  gas  contained  in  a  large  meteorite,  or  a  cluster 
of  such  bodies  serving  as  a  cometary  nucleus,  is  sufficient  to  form 
the  train  as  ordinarily  observed. 

4.  The  spectrum  of  these  gases  closely  resembles  that  of  several 
of  the  comets. 

The  emission  of  gaseous  constituents  by  the  action  of  solar  heat 
may  explain  the  loss  of  tail  and  the  diminution  of  brilliancy  observed 
in  the  case  of  several  comets  in  their  successive  revolutions ;  and 
their  final  disappearance  from  sight  will  follow  as  an  inevitable 
Gonsequence,  the  number  of  revolutions  necessary  to  discharge  the 
gases  depending  chiefly  on  their  size  and  the  nearness  of  their 
approach  to  the  sun  at  their  perihelia.  When  a  meteorite  enters  our 
atmosphere,  the  gases  which  are  evolved  from  it  by  the  heat  which 
is  liberated  must  greatly  contribute  to  increase  the  intensity  of  that 
heat,  while  the  sudden  expansion  which  these  gases  experience  must 
constitute  the  leading  cause  of  the  violent  disruption  of  these  masses. 

The  conclusions  arrived  at  by  Wright,  on  examining  the  gases 
occluded  by  the  iron  of  these  meteorites,  have  been  referred  to.  He 
considered  that  the  stony  meteorites  were  distinguished  from  the 
iron  ones  by  having  the  oxides  of  carbon,  chiefly  the  dioxide,  as 
their  characteristic  gases  instead  of  hydrogen.  This  tlieory  has 
been  called  in  question  by  Mallet,  who  refers  to  his  examination  of 
the  gases  of  the  iron  of  Augusta  Co.,  Virginia,  where  the  ratio  of 
the  oxides  of  carbon  to  hydrogen  is  4  :  3,  and  to  his  having  pointed 
ont  in  1872  that  hydrogen  could  no  longer  be  regarded  as  the 
characteristic  gaseous  ingredient  of  meteoric  iron.  In  his  paper  of 
that  date  he  stated  that  although  it  might  be  assumed  that  carbonic 
oxide  would  be  the  original  form  in  which  the  gaseous  carbon- 
compounds  existed  in  the  iron,  and  that  it  broke  up  at  the  temperature 
of  the  experiment  into  carbon  retained  by  the  iron  and  into  carbonic 
acid,  yet  in  view  of  the  steady  decrease  of  the  quantity  of  the  latter 
gas  which  was  evolved  as  the  experiment  proceeded,  it  seems  more 
likely  that  a  larger  amount  of  carbon  originall}'  existed  in  the 
higher  state  of  oxidation.  Mallet  considers  that,  when  all  the  cir- 
cumstances of  the  experiment  are  considered  in  each  case,  Wright's 
conclusion  cannot  be  sustained. 

In  a  paper  dated  some  months  later,  Wright  replies  to  Mallet's 
criticism.  He  states  that  he  only  meant  this  expression  of  opinion 
to  be  tentative,  but  that  the  results  of  farther  work  completely 
justify  the  conclusion  at  which  he  had  arrived.  He  has  re-examined 
the  gases  of  the  iron  of  this  meteorite,  and  examined  those  of  the 
in)u  of  some  other  stony  meteorites,  such  as  Ohio,  Pultusk,  PaxusJXft^, 
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and  Weston,  and  finds  that  not  only  do  the  stony  meteorites  give  off 
a  much  larger  volume  of  gas  at  low  temperatures,  bat  the  composi- 
tion of  the  gas  in  all  the  cases  studied  is  quite  different  from  that 
evolved  from  meteoric  iron.  In  no  case  among  the  results  obtained 
with  the  alloy  is  the  amount  of  carbonic  acid  greater  than  20  per 
cent,  at  500^  nor  than  15  per  cent  of  the  whole  quantity  evolved, 
while  in  every  case  but  one  the  volume  of  carbonic  oxide  is  con- 
siderably larger.  In  the  chondritic  meteorites,  on  the  other  hand, 
the  per-centage  of  the  latter  gas  is  conspicuously  small,  while  the 
carbonic  acid  constitutes  more  than  half  the  total  gas  evolved  below 
a  red  heat,  except  in  the  case  of  the  meteorite  under  consideration 
which  fell  at  Iowa,  and  here  the  per-centage  is  not  much  less,  espe- 
cially if  we  reject  the  numbers  representing  the  amount  obtained  by 
a  second  and  long- continued  application  of  a  red  heat.  At  a  tem- 
perature of  about  350°  it  constitutes  from  80  to  90  per  cent,  of  the 
gaseous  products,  and  at  90°  it  forms  more  than  90  per  cent,  of 
the  gas  evolved.  The  hydrogen,  on  the  other  hand,  progressively 
increases  in  quantity  with  the  rise  of  temperature,  and  is  the  most 
important  constituent  of  the  first  portions  removed  at  a  red  heat 
The  form  in  which  the  carbonic  acid  is  occluded  is  a  problem  which 
he  cannot  at  present  solve.  That  it  is  actually  absorbed  appears  to 
be  certain.  That  it  has  been  taken  up  from  the  atmosphere  has 
been  proposed.  He  finds,  however,  that  the  iron  of  the  Iowa 
meteorite  contains  no  more  carbonic  acid  now  than  it  did  at  the  time 
of  its  fall. 

Leonard  gives  a  detailed  account  of  the  appearance  presented  by 
the  meteor,  which  is  stated  to  have  been  seen  throughout  a  region 
400  miles  from  S.W.  to  N.E.,  and  250  miles  in  breadth.  The  stones 
vary  in  weight  from  a  few  ounces  to  74  lbs.,  and  the  aggregate 
weight  is  500  lbs. ;  the  area  over  which  they  were  scattered  appean 
to  be  seven  miles  in  length,  and  four  miles  at  its  greatest  breadth. 
A  plan  of  the  townships  included  in  this  area  is  given  in  Leonard's 
paper,  and  it  shows  where  the  chief  stones  fell.  By  reason  of  the 
frozen  condition  of  the  ground  at  the  time  of  the  fall,  and  the  lo^^ 
angle  of  descent,  it  appears  probable  that  almost  all  the  fragment 
which  fell  have  been  secured.  The  velocity  of  the  meteor  has  no' 
been  satisfactorily  determined ;  it  appears  probable  that  during  th< 
last  60  or  70  miles  of  its  course  it  travelled  at  the  rate  of  from  six  U 
seven  miles  per  second. 

An  interesting  pamphlet  by  Mr.  Irish,  C.E.,  deals  with  the  appear 
ance  presented  by  the  meteor.  He  has  incorporated  in  his  paper  i 
number  of  letters  received  from  observers  stationed  over  a  wide  area 
describing  their  impressions  as  to  its  altitude,  velocity  and  appear 
ance ;  and  he  has  given  a  drawing  of  the  meteor,  and  prepared  i 
map  of  the  district,  showing  the  projection  of  its  path  through  the 
air.  I  learn  by  a  recent  letter  from  Mr.  Irish  that  two  blocks,  on< 
weighing  72  lbs.,  the  other  48  lbs.,  which  evidently  formed  one  anc 
the  same  mass  which  was  disrupted  during  the  descent,  have  sina 
been  found ;  and  the  aggregate  weight  of  the  stones  now  coUectec 
cannot  be  less  than  700  lbs.     I  am  also  indebted  to  Mr.  Irish  for  su 
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excellent  pbotograpliB  of  the  Iowa  stones,  sixty-seven  in  number, 

which  form  the  oolleotions  of  Prof.  Hinriohs,  Mr.  J.  P.  Irish,  and 

himself.     They  were  taken  by  Mr.  Thomas  James,  of  Iowa  city,  and 

aze  in  the  very  best  style  of  photographic  art 

Prof.  Giimbel,  of  Munich,  has  recently  published  an  interesting 

paper  on  the  characters  of  this  meteorite.     He  finds  the  crust  to 

possess  a  deep  bottle-green  or  brownish-red  colour,  and  to  possess 

io  polarized  light  all  the  characters  of  an  amorphous  glass-like  mass. 

When  a  fragment  is  heated,  it  turns  of  a  dark -brown  colour,  like  that 

noticed  by  him  in  the  eruptive  rocks  of  the  Fichtelgebirg,  and  he 

regards  this  change  as  a  safe  indication  of  the  presence  of  olivine. 

The  composition  of  the  stone  is  found  to  be : — 

Meteoric  iron   12*83 

Troilite     6-26 

Silicate,  decomposed  by  acid  48*11 

Silicate,  not  acted  upon  by  add 34*32 

10000 
The  silicate  deoomposed  by  acid  is  an  olivine,  having  the  formula 
2  (I  MgO,  -1^  FeO),  SiOfl ;  and  the  insoluble  silicate,  which  has  been 
ref^ded  by  Dr.  Lawrence  Smith  as  pyroxene,  gave  the  oxygen 
ratios — silicic  acid  =  29*68 ;  bases  =  10*29.  It  appears  not  im- 
probable that  in  this  case  the  silicate  was  not  completely  decomposed 
during  analysis. 

The  paper  is  illustrated  with  an  interesting  plate  of  a  microscopio 
section,  showing  olivine,  augite,  meteoric  iron,  chroraite,  troilite, 
particles  of  a  reddish  hue  which  resemble  garnet  but  which  doubly 
refract  light  and  exhibit  optical  characters  which  will  not  allow  of 
their  being  identified  with  nosean,  and  chondra  showing  fibrous, 
radiate,  and  granular  structure,  as  well  as  others  which  evidently 
consist  of  olivine,  and  some  which  are  opaque  and  finely  granular. 
The  meteoric  iron  has  a  hackly  angular  structure,  and  has  the  ap- 
pearance which  it  would  present  if  reduced  to  the  metallic  state  in 
the  position  which  it  at  present  occupies. 

(To  be  eontimted  in  our  next  Number.) 


V. — Traces  of  a  Great  Post-Glacial  Flood. 
I.  The  Evidence  of  the  Loess. 

{Concluded  frotn  p.  18.) 
By  H.  H.  HowoETH,  F.S.A. 

HAVING  examined  the  various  theories  of  the  origin  of  the  Loess, 
which  have  been  current,  and  found  them  wanting,  I  would, 
with  great  deference,  propose  another  which  has  not  hitherto  been 
suggested  by  any  geologist,  and  which  offers  at  least  a  probable 
lolution  of  our  untractable  problem.  In  previous  papers  of  this 
Series,  if  we  have  not  proved,  as  we  think  we  have,  that  the 
evidence  in  favour  of  the  Mammoth  and  his  companions  having 
been  suddenly  overwhelmed  by  a  great  diluvial  movement  is 
noanswerable,  we  claim  to  have  at  least  shown  a  very  strong 
a  priori  probability  in  favour  of  such  a  view.     If  this  view  \ft  eoxx^oX.^ 
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it  involves,  no  doubt,  that  at  the  time  when  the  Mammoth  was 
destroyed,  there  was  a  great  dislocation  of  the  earth's  crust  in  certain 
neighbourhoods,  and  corresponding  volcanic  and  other'  agitation. 
Proofs  that  there  were  such  dislocations  at  this  veiy  time  on  a  veiy 
wide  scale  will  I  trust  be  forthcoming  in  a  future  paper.  At  present 
we  will  localize  our  problem  to  the  two  areas  where  the  Loess 
predominates,  Central  Europe  and  China.  First,  the  European  area. 
There  can  be  small  doubt  that  the  volcanos  of  th^  Eifel,  etc.,  in 
the  Ehine  Valley,  were  in  full  activity  during  and  probably  also 
subsequent  to  the  deposit  of  the  Loess.  Dr.  Samuel  Hibbert-Ware, 
who,  in  1832,  published  his  well-known  work  entitled  ''History 
:  of  the  Extinct  Volcanoes  of  the  Basin  of  Neuwied  on  the  Lower 
i  Hhine,"  has  amply  proved  this,  and  it  is  a  most  remarkable  fact 
how  little  use  has  been  made  of  his  careful  researches  by  recent 
writers  on  the  Loess.  The  first  point  which  Dr.  Hibbert-Ware  made 
clear  was,  that  the  deposition  of  the  Rhine  Loess  took  place  at 
the  time  when  the  volcanos  'there  were  active,  just  as  we  know  the 
volcanos  of  Auvergne  were  active  when  the  deposits  containing 
Mammoth  and  other  remains  were  laid  down.  On  pages  201  and 
202  of  his  book  may  be  seen  descriptions  of  stetions  showing  the 
alternation  of  Loess,  with  beds  of  volcanic  ashes,  pumice,  and  white 
sand.  These  sections  occur  near  Andemach.  I  will  content  myself 
with  quoting  one  sentence.  "  From  Heddesdorf  to  Oberbeiber 
and  between  Friedrichstein,  Fahr.  Genersdorf,  and  Feldkirch,  layers 
(>f  Loess,  only  a  few  inches  in  thickness,  are  not  only  observed  to 
alternate  with  white  pumice,  but  even  with  black  sand.  Similar 
appearances  again  present  themselves  at  Bendorf,  Bassenheim, 
Octeiulung,  and  Obermennig"  (op.  ciL  p.  202).  Lyell  attempts  to 
explain  this  somewhat  overwhelming  evidence  in  another  way,  but 
even  he  says:  "The  volcanoes  of  the  Lower  Eifel  seem  to  have 
been  in  eruption  in  Pleistocene  times,"  and  he  suggests  that  some 
of  them  were  of  sufficiently  modern  date  to  belong  to  the  era  when 
man  was  contemporary  with  the  Mammoth  and  Rhinoceros  in  the 
basin  of  the  Meuse  (Antiquity  of  Man,  p.  77).  We  still  have 
exhalations  of  carbonic  acid  and  calcareous  springs  in  this  district, 
which  are  the  dying  embers  of  the  old  fires  so  recently  in  activity. 

If  we  go  further  east,  we  find  the  chief  areas  where  the  European 
Loess  is  distributed,  Hungary,  Moravia,  the  Carpathians  and  Tran- 
sylvania, strewn  with  relics  of  volcanic  energy,  basaltic,  trachytic, 
and  tufaceous  deposits  abounding.  Many  of  these  are  of  late 
geological  date.  Many  admittedly  of  as  late  as  Tertiary  times. 
I  believe  that  the  volcanic  energy  of  this  vast  congeries  of  confused 
mountains  lasted  until  much  later  times,  and  we  still  have  in  Tran- 
sylvania and  Wallachia  mud  volcanos  in  activity ;  while  in  the  former 
country  the  volcanos  of  Budos  Hegy  still  emit  large  quantities  of 
gas  and  vapour.  If  we  turn  to  the  Chinese  Loess,  we  shall  find  that 
it  also  is  focussed  about,  and  is  in  immediate  contact  with  a  district 
in  which  volcanic  action  has  been  active  down  to  quite  a  recent 
historical  period.  Mr.  Pumpelly  has  described  the  border  districts 
of  China  and  Mongolia  in  a  well-known  paper  in  the  15th  volume 


B.  H.  Howorth—A  Great  Post- Glacial  Flood.  71 

of  the  Smithsonian  Contributions  to  Knowledge,  and  speaks  at  some 
length  in  reference  to  the  volcanic  strata  of  Southern  Mongolia. 
Speaking  of  the  Shamo  Desert  and  its  borders,  he  says:  ''Tbe 
Tolcanio  rocks  of  Lake  Baikal  and  of  the  region  to  the  east,  the 
oocarrenoe  of  products  of  this  class  in  place  and  as  scattered 
fragments  at  many  points  on  the  route  across  the  plateau,  and 
fioally  the  information  derived  from  Chinese  authorities  concerning 
the  existence  within  historical  times  of  active  volcanos,  among  the 
mountains  of  Manchuria  to  the  east  and  in  the  Tien-shan  of  the  west, 
all  point  to  a  development  of  volcanic  activity,  which  was  formerly 
coextensive  with  the  area  of  the  present  table-land.  The  remains 
of  this  action  make  themselves  felt  in  the  violent  earthquakes  that 
from  time  to  time  shake  the  districts  of  Northern  Chihli  and  the 
shores  of  Lake  Baikal "  (op.  cit  pp.  75,  76).  The  mountains  that 
border  the  Mongolian  desert  on  the  south  are  full  of  traces  of  recent 
volcanic  action,  and  seem  as  closely  connected  with  and  to  be  as 
mnch  the  focus  of  the  distribution  of  the  Loess  as  those  of  Central 
Europe.  This  clue,  in  the  absence  of  others,  is  assuredly  worth  pro- 
secuting. Can  it  be  that  the  Loess,  which  we  have  seen  many  reasons 
to  doubt  having  been  of  either  subaqueous  or  subaerial  origin,  may 
be  of  subterranean  origin  ?  This  somewhat  paradoxical  proposition 
may  not  seem  so  extravagant  when  examined  a  little  more  closely. 

Mr.  Steininger  and  Dr.  Hibbert-Ware  have  shown  that  the  Khine 
Tolcanos,  when  active,  poured  out  an  immense  quantity  of  mud, 
which  has  been  consolidated  into  tufa ;  and  the  latter  expressly  com- 
pares them  to  the  mud  volcanos  or  moyas  of  the  Western  World 
described  by  Humboldt  This  mud  is  formed  from  the  volcanic 
sand  or  ash,  which  is  itself  the  product  of  the  destruction  of  the 
subjacent  strata,  and  whose  chief  characteristic  is  its  extremely 
comminuted  character  and  minute  state  of  mechanical  division  (which 
is  one  of  the  peculiar  features  of  the  particles  which  form  the  Loess 
itself).  This  state  of  minute  division,  as  Dr.  flibbert-Ware  says, 
makes  it  easy  to  form  a  paste  out  of  the  dust  when  it  is  mixed  with 
water.  He  attributes  the  formation  of  the  various  tufas  which  occur 
in  the  district  which  he  describes  "  to  the  boiling  tufaoeous  mud,  or 
moya,  which  once  filled,  even  to  an  overflow,  the  valley  of  Kieden  " 
(op.  ciL  p.  40).  The  occurrence  of  this  mud  in  various  districts  of  the 
Bhine  volcanic  area  is  pointed  out  in  many  passages  by  Dr.  Ilibbert- 
Ware.  Its  density  and  composition  differ  with  the  materials  out 
of  which  it  has  been  formed,  and  the  character  of  the  adjacent 
rocks,  and  in  some  cases  has  been  considerably  altered.  Thus, 
Dr.  Ware  describes  how,  by  the  action  of  water,  "the  substance 
of  the  tufaceous  mud  would  be  so  intimately  blended  with  the 
fine  sahd  and  plastic  clay  (as  at  Neuwied)  as  to  assume  a  less 
firai  consistency,  which  at  the  present  day  is  indicated  by  the 
npidity  with  which  the  mixed  deposit  is  disintegrated  ;  particularly 
bj  the  action  of  rains.  But  although  the  tufa  is  thus  disguised,  its 
origin,  after  a  little  experience,  may  be  easily  recognized,  owing  to 
the  yellow  or  brownish  colour  and  pulverulent,  yet  harsh  feel,  which 
itoontinaes  to  preserve"  (Hibbert-Ware,  op.  cit  p.  4^). 
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Again,  speaking  of  the  tuff  on  the  flanks  of  the  Yeitskopf,  he 
says  :  '*  It  is  perhaps  in  the  present  instance  less  mixed  with  sand 
but  more  with  fine  clay,  and  hence  its  brighter  yellow  tint,  its 
more  pulverulent  and  earthy  aspect,  and  its  still  more  friable  and 
loose  consistence  "  (id,  p.  50) .  The  consistency  and  internal  stmoture 
and  composition  of  the  tufaceons  mud  depends  in  fact  on  the  materials 
out  of  which  it  was  formed.  If  the  rocks,  instead  of,  as  at  N^aweid, 
being  of  Palsdozoio  age,  and  consisting  mainly  of  olay-slates,  eto., 
were  partially  limestones,  we  should  doubtless  have  a  rond  formed 
from  them  containing  large  quantities  of  carbonate  of  lime.  Not 
only  have  we  such  rocks  in  the  Rhine  Valley,  which  are  the  natural 
matrix  from  which  one  ingredient  of  the  Loess  might  be  derived, 
but  we  have  numerous  calcareous  springs  forming  travertine  at 
this  very  moment,  and  also  have  exhalations  of  carbonic  acid, 
showing  the  kind  of  material  that  exists  below  the  surface.  I  would 
venture,  therefore,  upon  the  theory  that  the  Loess  is  in  the  main  a 
volcanic  mud.  The  comminuted  character  of  its  ingredients,  the  way 
in  which  it  is  highly  charged  with  carbonates,  and  its  distribution 
mantling  a  recently  active  volcanic  district — are  positive  elements 
in  its  favour ;  while  the  impossibility  apparently  of  explaining  the 
origin  of  the  deposit  in  any  other  way,  and  the  absence  so  far  as 
we  can  judge  of  any  objections  to  it  on  other  grounds,  are  negative 
factors  also  in  its  favour.  I  do  not  say  that  the  Loess  exactly  as 
we  find  it  was  protruded  from  the  fissures  or  volcanic  vents  whence 
it  came.  As  we  shall  see,  it  has  been  very  largely  steeped  in  floods 
of  water,  and  has  doubtless  also  been  much  mixed  with  the  ingredients 
of  the  superficial  bed  over  which  it  poured.  But,  in  the  main,  I  believe 
the  most  reasonable  explanation  of  the  difficulties  that  surround  it 
to  be,  that  it  is  a  disintegrateil  volcanic  mud,  standing  in  the  same 
relation  to  tufa  that  the  Post-Glacial  sandstones  of  the  Ehine  Valley, 
which  have  been  consolidated  and  cemented  by  carbonate  of  lime 
and  iron,  do  to  the  loose  sands  of  the  same  area  dating  from  the  same 
period.  Just  as  the  Loess  occurs  in  great  unstratified  masses,  so  does 
the  tufa  on  the  Khine — a  fact  which  is  repeatedly  mentioned  by  Dr. 
Ware,  who  makes  it  the  subject-matter  of  an  important  inference  in 
the  following  sentence :  "  The  proof  that  this  overflow  of  moya  was 
a  very  sudden  one  is  shown  in  the  total,  or  nearly  total,  absence  of 
all  marks  of  stratification  "  (op,  cit,  p.  45).  There  have  also  occurred 
in  these  tufaceous  deposits  debris  of  vegetation,  etc.,  resembling 
those  in  the  travertines  of  Bruhl,  whose  contemporaneity  to  the  Loess 
deposits  is  hardly  questionable.  On  every  ground  known  to  me 
the  probability  seems  overwhelming  that  the  Loess  was  in  fact  caused 
by  a  vast  outpouring  of  subterranean  mud. 

The  following  notice  of  a  modern  outburst  of  such  mud  is  not  a 
bad  illustration  of  what  probably  occurred  on  a  much  larger  scale 
here. 

Near  "  St.  Lucedo,"  says  Lyell,  "  among  other  places,  the  soil  is 
described  as  having  been  dissolved,  so  that  large  torrents  of  mud 
inundated  all  the  low  grounds,  like  lava.  Just  emerging  from  this 
mud  the  tops  only  of  trees  and  of  the  ruins  of  farm-houses  were 
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Been.  Two  miles  from  Laareana,  the  swampy  soil  in  two  ravines 
became  filed  tcith  calcareous  matter,  which  oozed  out  from  the  ground 
immediately  be/ore  the  first  great  shock.  This  mud  rapidly  acoumu- 
I&ting,  began  ere  long  to  roll  onward,  like  a  flood  of  lava,  into 
the  valley,  where  the  two  streams  uniting,  moved  forward  with 
increased  impetus  from  east  to  west  It  now  presented  a  breadth 
of  225  feet  by  15  in  depth,  and  before  it  ceased  to  move  covered 
A  surface  equal  in  length  to  an  Italian  mile.  In  its  progress  it 
overwhelmed  a  flock  of  30  goats,  and  tore  up  by  the  roots  many  olive 
and  mulberry  trees,  which  floated  like  ships  upon  its  surface  "  (Lyell's 
Principles  of  Geology,  vol.  ii.  p.  133). 

The  theory  receives  support  in  another  way.  Hardly  less  puzzling 
than  the  Loess,  in  fact  more  so,  is  the  vast  deposit  of  black  earth 
which  occars  in  Central  Russia,  and  which  is  known  as  Tschernozom 
or  black  earth.  It  has  exercised  the  ingenuity  of  various  inquirers, 
and  still  demands  an  explanation.  Its  northern  limit,  according  to 
MarchisoQ,  may  be  defined  by  a  wavy  line  passing  from  near  Kief 
and  Tchemizof,  a  little  to  the  south  of  Lichvin.  It  appears  in  54:° 
N.L  in  that  tract,  and  advances  in  its  course  eastwards  to  57°,  and 
oocnpies  the  left  bank  of  the  Volga  west  of  Tchekboksar,  between 
Xijni  Novgorod  and  Kazan.  Murchison  saw  none  of  it  north  of 
Kazan,  but  plenty  of  it  on  the  Kama  and  the  Ufa.  On  the  Siberian 
side  of  the  Urals  he  passed  through  a  large  mass  of  it  near  Kamcnsk, 
W)Uth  of  the  river  Isoetz,  in  latitude  66°  north,  and  through  another 
between  Miask  and  Troit8k,  and  he  was  given  to  understand  that 
it  8preads  over  considerable  spaces  in  tlie  eastern,  central,  and 
Bouthern  parts  of  the  great  Siberian  plains.  He  met  with  it 
occasionally  in  the  low  gorges  of  the  Urals,  and  in  the  Bashkir 
country  on  both  flanks  of  the  Southern  Ural  (in  plateaux  more  than 
1000  feet  above  the  sea),  and  also  in  the  Kirghiz  Steppes. 

The  distribution  of  the  black  earth  is  singularly  like  that  of  the 
Loess,  its  texture  is  like  that  of  the  Loess  in  being  comminuted 
and  fine,  especially  the  siliceous  part  of  it.  Like  the  Loess,  it  is 
found  at  all  levels  in  European  Kussia,  sometimes  on  plateaux  400 
feet  above  the  valleys,  in  other  places  on  undulations,  and  often  in 
broad  valleys  where  the  rivers  having  cut  through  the  deposit 
expose  its  thickness.  It  is  like  the  Loess  in  being  unstratified,  and 
in  being  everywhere  homogeneous.  Its  position  relative  to  the 
drift  and  river  gravels  is  that  of  the  Loess,  for,  except  at  one  spot, 
near  Voroney,  mentioned  by  Murchison,  it  overlaps  the  drift,  and  is 
subsequent  to  it.  In  every  respect,  save  its  dark  colour  and  the 
material  of  which  it  is  composed  and  in  its  contents,  it  is  the  exact 
counterpart  of  the  Loess.  Schmidt  identifies  the  black  earth  of 
Russia  with  the  Loess,  and  says  it  is  substantively  nothing  but  Loess 
(Letter  to  Richthofen,  Zeits.  Deutsch.  Geol.  Ges.  vol.  xxix.  pp. 
830-1).  Mr.  Goikie  says  of  it  that  it  occupies  the  same  geological 
horizon  as  the  Loess,  and  that  its  origin  is  undoubtedly  closely 
l>ound  up  witb  it  (op,  cit.  p.  157).  Like  the  Loess,  it  is  distributed 
about  an  apparently  recently  disturbed  mountain  focus,  namely,  the 
Southern  Urals.     What  are  we  to  say  then  about  the  origvu  ot  \.\i"a 
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black  earth  ?  Here,  at  all  events,  there  is  no  room  for  glacial  action, 
for  the  most  conspicuously  glaciated  district  in  Hussia,  namely,  its 
northern  part,  is  quite  free  from  black  earth.  Nor,  so  far  as  we 
know,  is  there  any  evidence  that  the  low  range  of  the  Southern 
Urals  was  once  occupied  by  glaciers.  M.  d'Archiac  says,  there  are 
no  traces  of  glacial  action  in  the  Urals  (Lemons  sur  la  Fanne 
Quaternaire.  p.  168).  Nor,  again,  do  we  know  of  glacial  mud 
anywhere  like  the  Russian  Tschemozom.  At  first  sight,  its  black 
colour  would  suggest  that  it  was  merely  a  vast  deposit  of  vegetable 
soil. 

Murchison  and  others  have  shown  good  reasons  against  attributing 
it  to  the  decay  of  vegetable  matter.  Thus  speaking  of  its  uniformity 
Mr.  Strangeways  says :  *'  It  is  difficult  to  imagine  that  the  same 
plants  ever  grew  in  so  man}'  situations  with  such  opposite  aspects, 
on  such  diffei*ent  soils,  and  over  so  vast  a  surface."  Tliis 
view  is  indorsed  by  Murchison,  who  says,  that  nowhere  does 
it  contain  a  trace  of  trees,  roots,  or  vegetable  fibre.  Again,  as  he 
says,  **  if  the  Tschernozom  had  been  due  to  the  decay  of  trees,  it 
would  have  been  found  largely  in  North  Russia,  where  forests  have 
so  long  existed.  But  nowhere  in  North  Russia  has  it  occurred, 
while  it  especially  abounds  in  those  wide  steppe-like  andulations 
which  have  in  all  time  been  void  of  trees  "  (Russia  and  the  Ural 
Mountains,  pp.  557-561).  Having  discarded  this  subaerial  origin,  we 
may  add,  that  the  fact  that  it  contains  not  a  trace  of  a  marine  or 
freshwater  organism  of  any  kind  precludes  our  assigning  it  to  a 
marine,  lacustrine  or  fiuviatile  origin.  What  then  remains  to  explain 
this  curiously  distributed  mantle  of  black  earth,  but  the  pouring  out 
of  a  great  mass  of  volcanic  mud  from  some  fissures  or  vents  con- 
temporaneously with  the  similar  pouring  out  of  the  Loess  ?  As  the 
Loess  was  probably  derived  from  the  volcanic  disintegration  of 
calcareous  rocks,  so  the  black  earth  was  probably,  as  Murchison  has 
suggested,  due  to  the  disintegration  of  the  black  Jurassic  shale 
which  he  describes  as  so  uniform  in  colour  over  all  Northern  and 
Central  Russia,  and  which  view  is  confirmed  by  the  absence  of  the 
black  earth  to  the  south  of  certain  tracts  where  the  Jurassic  shales 
have  apparently  never  occurred. 

It  is  confirmed  again  by  the  analyses  which  have  been  made  of  it, 
in  which  we  find  a  certain  proportion  of  organic  matter,  which 
such  a  high  authority  as  Bischoff  attributes  to  the  large  amount  of 
bituminous  matter  contained  in  the  Jurassic  shale  (see  Geikie, 
op,  cit,  pp.  242-3.)  This  view  of  the  origin  of  the  black  earth 
admirably  suits  the  absence  from  it  of  stratification  and  of  organic 
remains ;  for  these  latter,  when  found  in  the  Loess,  were  probably,  as 
we  shall  presently  show,  derived  from  elsewhere.  The  view  we 
would  urge,  then,  is,  that  the  great  dislocations  of  strata  which 
occurred  at  the  time  when  the  Mammoth  and  his  companions  dis- 
appeared, were  accompanied  by  the  pouring  out  of  a  great  quantity 
of  volcanic  mud,  which  in  Europe  and  China  is  largely  represented 
by  the  Loess,  while  in  Central  Russia  it  is  represented  by  the  black 
earth. 
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Having  decided  the  origin  of  the  Loess  and  black  earth,  we  have 
by  no  means  solved  all,  or  the  main  difficulty  connected  with  these 
paradoxical  deposits.  We  have  merely  laid  down  the  basis  for  the 
real  contention  of  this  paper — namely,  that  a  large  part  of  the 
Loess  and  Tchemozom  are  not  in  siiii,  but  have  been  transported  and 
redeposited.  This  conclusion  seems  inevitable,  if  we  consider  certain 
critical  facts. 

The  pouring  out  of  volcanic  mud  would  doubtless  fill  up  and 
choke  the  valleys  in  which  the  outburst  took  place,  or  the  immediate 
vicinity  of  the  place,  but  it  could  not  explain  by  itself  the  distribu- 
tion of  the  ejected  matter  in  a  continuous  mantle  spread  over  valley 
and  hill  irrespective  of  the  drainage  of  the  country.  The  upland 
Loess  spread  so  uniformly  as  it  is  in  many  places  could  only  have 
been  brought  there  by  some  potent  moving  power.  The  extent  to 
which  the  Jjoess  is  found  on  the  plateaux  is  really  surprising. 
Mr.  Geikie  says  that  in  Moravia  it  is  found  at  a  height  of  1300  feet, 
while  it  stretches  into  the  valleys  of  the  Carpathians  up  to  heights 
of  800  and  2U00  feet.  In  some  cases  even  higher,  namely,  to  3000 
feet,  according  to  Zeuschner,  and  to  4000  or  5000  feet  according  to 
Korzistka  (Prehistoric  Europe,  p.  146).  Again,  he  says,  ''  It  must 
not  be  supposed  that  the  Loess  is  restricted  to  valleys  and  de- 
pressions in  the  surface  of  the  ground.  It  is  true  that  it  attains  in 
these  its  greatest  thickness,  but  extensive  accumulations  ma}'  often 
be  followed  far  into  the  intermediate  hilly  districts,  and  over  the 
neighbouring  plateaux.  Thus  the  Odenwald,  the  Taunus,  the 
Vogelgebirge,  and  other  upland  tracts,  are  cloaked  with  Loess  up  to 
a  considerable  height"  (id.).  Mr.  Belt  tells  us  that  in  the  valleys 
of  the  Rhine,  the  Danube,  and  their  tributaries,  the  Loess  is  found 
to  a  great  height  above  the  present  rivers.  Near  Basle  he  traced 
it  to  the  top  of  the  hill,  or  a  height  of  1470  feet  above  the 
Bea,  and  660  above  the  river.  It  covers  the  well-known  volcanic 
hill  situated  in  the  middle  of  the  Rhine  Valley,  known  as  the 
Kaizerstuhl,  to  a  height  of  1600  feet  above  the  sea,  and  is  also 
spread  over  the  volcanic  hills  of  the  Lower  Eifel.  Von  Dechen 
found  it  north  of  Andernach,  near  the  hill  of  Korrets,  at  a  height 
of  620  feet ;  and  Dr.  Hibbert  seems  to  have  found  it  higher,  for 
be  states  that  on  the  Mahlsberg  it  attains  an  elevation  of  800  feet 
above  the  sea,  and  600  feet  above  the  river,  and  is  sometimes  60  feet 
thick  (Belt,  Quart.  Journ.  of  Science,  N.S.  vol.  vii.  p.  70).  Speaking 
of  the  neighbourhood  of  Blosenberg,  the  same  writer  says,  "  On 
the  hill-tops  it  occurs  to  1100  feet  or  more,  and  Dr.  Sandberger 
informed  me  that  it  is  sometimes  thick  on  the  hill'tops,  and  contains 
the  characteristic  Loess  shells,  though  not  so  abundantly  as  lower 
down  the  valley"  {id,  p.  72).  He  tells  us  again  that  "the  Loess  is 
foand  up  to  a  height  of  1300  feet  above  the  sea  in  the  upper  part 
of  the  Danube  Valley,  and  that  the  low  hills  bounding  the  valley, 
near  Erems,  are  all  covered  with  Loess,  and  sections  are  exposed 
showing  a  thickness  of  60  feet  without  its  base  being  seen  '*  {id.). 
In  France,  as  M.  d*Archiac  says,  it  is  found  on  high  plateaux  600 
feet  ahove  some  of  the  rivers^  such  as  the  Marne ;  while  la  BQ\^\XTii 
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it  caps  some  of  the  highest  hills  or  table-land  arocind  Brnssels  at 
the  height  of  300  feet  above  the  sea  (Lyell's  Antiquity  of  Man,  pp. 
377-379).  Credner  tells  us  that  on  the  slopes  of  the  valleys  of  the 
Oder  and  the  Vistula  it  is  found  to  a  height  of  400  metres  above 
the  sea-level  (Credner,  op.  ciL  p.  669).  Jentsch  speaks  of  it  as 
covering  the  plateaux  about  the  Elbe.  Between  Briesswitz  and 
Lentewitz  it  is  found  at  400-450  feet  above  the  sea,  while  at 
Nothinz  it  occurs  as  high  as  770  feet  above  the  sea-level  (op.  di, 
p.  39).  But  it  is  in  China  that  the  high-level  Loess  is  so  pre- 
dominant. There  it  overspreads  hills  and  valleys  alike,  and  Mr. 
Kingsmill  tells  us  that  in  Shansi  and  Mongolia  it  occurs  at  a  height 
of  6000  feet,  and  in  a  deposit  of  the  depth  of  1000  feet.  In  the 
southern  limits  of  the  Chinese  Loess  in  Riang-su,  he  says  it  does 
not  at  present  rise  to  more  than  200  feet,  though  apparent  fragments 
on  the  sides  of  the  hills  rise  possibly  to  400  feet  (Joum.  Oeol.  Soa 
vol.  xxvii.  p.  382).  These  facts  are  very  suggestive.  It  is  incredible 
that  subaerial  deposits  should  have  been  deposited  at  a  height  of 
6000  feet,  and  to  the  depth  of  1000  feet,  as  it  is  incredible  that 
such  deposits  should  have  been  accumulated  in  a  mantle  of  many 
feet  over  the  high  ground  where  the  Loess  is  now  so  abundant 
There  is  only  one  conclusion  possible,  namely,  that  the  upland 
Loess  is  not  in  attA,  that  it  has  been  largely  transported  to  where 
it  is  now  found.  The  question  that  suggests  itself  therefore  is,  what 
was  the  transporting  power?  Following  the  analogy  of  snow-drifts, 
which,  when  first  the  snow  falls,  are  arranged  in  a  continuous  mantle, 
and  are  afterwards  heaped  up  in  certain  favourable  localities  by  the 
wind.  Baron  Kichthofen  suggested  that  the  wind  was  a  prime 
element  in  the  distribution  of  the  Loess,  and  that  the  deposit  largely 
consists  of  the  fine  dust  of  the  Shamo  Desert,  acted  upon  by  north 
winds  blowing  for  untold  ages.  This  view  is  surely  not  tenable. 
Pere  David  and  Mr.  Kingsmill  have  both  reasonably  objected  to 
it,  but  have  not  stated  the  most  cogent  reasons.  The  first  is,  that 
it  treats  the  problem  as  a  local  Chinese  problem,  while  it  ignores 
that  the  Loess  has  to  be  accounted  for  in  Europe  as  well  as  in 
China  ;  and  here  we  have  no  Shamo  Desert  or  other  sources 
whence  storm  winds  could  bring  the  fine  calcareous  sand.  Secondly, 
the  blowing  of  such  winds  continuously,  argues  a  very  dry  climate, 
while  the  land-shells  in  the  Loess  argue  just  the  reverse.  Thirdly, 
tlie  theory  ignores  the  contents  of  the  Loess.  How  could  the  shells 
and  the  animal  debris  be  carried  by  the  wind  ?  If  the  former  were 
rolled  along  by  a  hurricane  for  a  few  hundreds  of  miles,  they  would 
become  broken  and  weathered,  and  not  be  fresh  as  they  are  now.  But 
even  a  hurricane  would  be  inadequate  to  move  the  remains  of  Mam- 
moths and  Rhinoceroses  for  such  a  distance.  Fourthly,  wind  acting 
on  sand  would  form  great  ranges  of  dunes  along  the  northern 
frontiers  of  China ;  but  this  is  not  the  mode  of  occurrence  of  the 
Loess.  Lastly,  the  cause  assigned  by  Baron  Eichthofen  would  merely 
account  for  the  transfer  of  the  Loess  from  Mongolia  to  China,  and 
not,  as  he  supposes,  explain  the  origin  of  the  Loess  itself.  As  Mr. 
Kingsmill  says,  unless  the  winds  passed  over  the  Loess  itaelf,  it  is 
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difficult  to  see  whence  they  could  obtain  the  necessary  ingredients. 
Clay  would  not  be  acted  on  by  wind ;  sand  of  itself  would  not  suffice 
to  form  the  peculiar  mixture  of  ingredients ;  limestone  cannot  be  dis- 
integrated by  the  atmosphere  so  as  to  be  reduced  to  dust  capable  of 
being  transported  in  the  manner  suggested.  The  means  are  quite 
inadequate  to  the  end  (Kingsmill,  op.  cit.  p.  381).  We  have  therefore 
to  look  elsewhere. 

How  would  the  postulate  of  a  deluge  on  a  large  scale  enable  us 
to  clear  up  the  difficulties  in  the  distribution  of  the  Loess?     If  it 
would  explain   them   all,   are  we  not  driven  to  accept  it?      Let 
us  see  then  how  the  case  stands.    Such  a  flood  of  waters  rushing 
over  a  district  in   which  the  Loess  was  being  poured  out  would 
in  fact  take  it  up  as  it  sped  along  and  distribute  it  independently 
of  the  drainage  over  plateaux  and  valleys  in  a  continuous  mantle 
or  sheet      It  would   in    the    second    place  pile   it   up   in    drifts 
wherever  the  water  met  with  resistance  or  ceased  to  flow  rapidly, 
thus  accounting  for  the  immense  deposits  which   occur  in  special 
localities,  as  in  the  Loess  near  Wurzburg,  described  by  Mr.  Belt, 
of  which  he  expressly  says  :    "  It  has  been  principally  preserved, 
from  the  effects  of  great  floods  that  appear  to  have  swept   down 
the  valleys,  in  bays  and   recesses,  and  at  these   points   bones   of 
the  Mammoth  and  its  associates  have  been  found."     In  the  third 
place  it  would  account  for  the  Loess  being  of  a  homogeneous  character 
independently  of  the  subjacent  strata — a  fact  which  has  been  men- 
tioned by  Pere  David  in  China,  and  would  account  also  for  its  being 
distributed  so  often  over  beds  of  gravel  in   Germany,  whore  we 
cannot  suppose  it  was  the  result  of  the  denudation  of  the  surface 
immediately  below.     In  the  fourth  place,  it  would  account  for  the 
absence  of  stratiflcation  in  the  Loess,  for  stratification  is  due  to  a 
deposit  being  made  in  successive  layers  by  a  series  of  depositions ; 
while,  in  this  case,  it  would  be  deposited  in  one  continuous  mass. 
Fifthly,  it  would  account  for  the  Loess  occurring  in  the  heads  of 
the  tributary  valleys  of  the   big   continental   rivers   and  in  those 
nmning  up  into  the  Caqmthians,   where   it  is  found  choking  the 
heads  of  the  valleys  and  ravines  as  if  thrust  up  into  them  by  an  im- 
pelling force  from  behind.     Sixthly,  it  would  account  for  the  greater 
part  of  the  heavier  materials,  such  as  bones,  etc.,  the  wave  of  water 
and  mud  met  with  on  its  progress,  being  left  in  the  valleys,  while 
the  lighter,  such  as  the  shells,  were  carried  along  to  the  upper  ground  ; 
it  being  a  well-known  characteristic  of  the  Loess,  as  of  the  contem- 
porary diluvium  of  the  French  writers,  that  when  it  occurs  on  the 
plateaux,  it  is  almost  free  from  animal  remains,  etc.     Dr.  Hibbert- 
Ware,  whose  main  theory  of  the  origin  of  the  Loess  I  cannot  accept, 
shows  very  clearly  that  it  has  been  subject  to  very  considerable 
redistribution.     Take  the  following  example,  for  instance.     Speaking 
of  the  Loess  near  Strassburg,  he  says :  **  The  lowest  beds  of  some 
small  hills,  or  knolls  of  transported  Loess  which  had  been  deposited, 
appear  to  have  included  the  heavier  particles,  consisting  of  sand,  in 
which  appear  rolled  pebbles  distributed  in  the  form  of  veins.     In 
&  higher  bed,  the  sand  which  has  thus  subsided  is  varied  \>^  Wi^ 
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presence  of  removed  masses  of  Loess,  as  well  as  bj  land  and  flavia- 
tile  shells,  and  even  by  the  bones  of  Mammalia  which  it  seems  to 
have  entangled  in  its  course.  But  the  uppermost  bed  is  distinguished 
by  the  usual  character  of  Loess.,  which  here  displays  itself  of  a 
yellow  colour,  and  of  a  very  friable  consistence,  in  which  are  entangled 

shells  and  bones  of  animals.     It  is  also  perfectly  unstratified 

Such  is  the  general  order  of  subsidence  which  the  Loess  in  its  breaking 
up,  in  its  removal,  and  in  its  subsequent  deposition,  appears  to  have 
observed  "  {op.  cit,  p.  197-8).  What  Dr.  Hibbert-Ware  says  here  of  the 
irregular  arrangement  and  dislocation  of  the  beds  of  Loess  in  several 
cases  can  be  confirmed  from  other  writers.  Pockets  and  seams  of 
sand  and  gravel,  evidently  false-bedded,  occur  in  it,  as  it  is  attested 
by  several  writers.  Thus,  Mr.  Belt  says  of  the  Loess  at  Erems,  "  that 
it  contains  patches  and  seams  of  gravel,  and  pebbles  of  quartz  are 
irregularly  scattered  throughout  it.  lliat  it  is  unstratified,  but 
occasionally  lines  of  division  are  seen  separating  portions  of  slightly 
different  colour  and  composition  "  (op,  cit.  p.  73).  At  Blosenbeig 
the  same  writer  noticed  that  the  Loess  was  divided  into  two  beds  by 
a  clear  line  of  division,  the  upper  one  being  of  a  lighter  colour  than 
the  lower  (id.  p.  71). 

Again,  as  Mr.  Geikie  urges,  "the  presence  of  lines  of  gravel  and 
sand  (in  the  Loess),  which  here  and  there  have  been  observed,  indi- 
cates unquestionably  the  action  of  water ;  and  the  same  may  be  said 
of  such  alternations  as  those  described  by  Dr.  Nehring,  which  occur  at 
Thiede  and  Westeregeln,  and  of  the  bedded  Loess  of  Heiligenstadt 
near  Vienna,  referred  to  by  Dr.  Jentzsch.  Again,  at  Nussdorf  and 
Hungelbrunn,  in  the  same  region,  the  Loess,  according  to  M.  Fuchs, 
contains  freshwater  shells  in  a  distinct  bed." 

The  black  earth  also  shows  signs  that  it  has  been  largely  trans- 
ported by  some  wide-spread  wave  of  waters.  Its  occurrence  on 
plateaux  and  valleys  alike  irrespective  of  the  drainage  of  the  country 
over  so  wide  an  area  and  so  uniformly  constituted ;  and  Murchison 
urges  in  fact  that  it  has  been  redistributed  "by  the  powerful  currents 
which  carried  southwards  so  many  debris  of  the  drift  of  which  it  was 
doubtless  once  the  covering  mantle  in  many  places  now  bare  of  it" 

Mr.  Geikie,  with  whose  general  conclusion  I  cannot  agree,  is  here 
at  one  with  me.  "  The  black  earth,"  he  says,  "  would  appear  never 
to  reach  the  great  thickness  attained  by  the  Loess  of  the  Khine  and  the 
Danube.  This  is  what  we  might  have  expected  from  the  configura- 
tion and  position  of  the  regions  over  which  it  is  distributed.  The 
wide  open  valleys  and  broad  plateaux  tcotdd  not  permit  of  the  same 
heaping  up  and  pounding  back  of  the  flood  waters  as  must  have  taken 
place  again  and  again  in  Central  Europe.  The  route  to  the  south  lay 
open,  and  the  inundation  waters  would  thus  be  drawn  off  more 
rapidly  than  if  they  had  been  discharged  in  a  northerly  direction," 
etc.  Mr.  Geikie  goes  on  to  argue  that  the  Northern  outlet  was 
blocked  with  ice,  involving  the  contemporaneity  of  the  Loess 
deposits  with  glacial  conditions,  which  seems  at  issue  with  the  great 
mass  of  evidence ;  but  the  fact  of  the  flood  and  its  effects  I  cordially 
aooept 
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we  turn  irom  the  stratigraphioal  considerations  to  the  palasonto- 
1  oiiesy  we  shall  have  the  same  consistent  story  to  telL  The 
renoe  of  skeletons  of  Mammals  in  the  Loess  of  Glermany  as  we 
described,  and  of  huge  deposits  or  caches  as  at  Cannstadt,  show 
he  conditions  of  their  deposit  were  the  same  as  those  in  Siberia. 
I  animals  had  died  natundly,  their  remains  would  have  decayed 
on  the  snrface  and  been  weathered  and  scattered.  The  only 
tion  on  which  the  bones  could  be  preserved  in  skeletons  is  that 
must  have  been  covered  up  soon  after  death  not  with  a  super- 
layer  of  mud,  but  with  a  substantial  covering,  and  this  could 
be  by  the  Loess  having  been  swept  over  the  bones  in  large 
ities  by  some  diluvial  movement  As  a  matter  of  fact,  these 
\  are  always  found  buried  in  the  Loess,  and  not  on  its  surface, 
e  wave  of  water  and  of  mud  in  sweeping  along  would  no  doubt 
a  considerable  denuding  influence  upon  the  beds  of  sand  and 
which  underlie  the  Loess  in  many  places,  and  which,  in  my 
,  are  the  exact  and  corresponding  equivalents  of  the  diluvium  of 
fVench  writers,  and  which  I  take  to  be  the  remains  of  the  old 
surface  on  which  the  Mammoth  lived.  It  would  take  up  a  con- 
able  quantity  of  the  contents  of  this  surface  deposit  and  incor- 
e  it  with  itself.  Thus  it  comes  about  that  some  of  the  bones 
1  in  the  Loess  are  much  decomposed,  "  which,  says  Dr.  Hibbert- 
j,  creates  a  suspicion  that  this  might  have  been  their  state  before 

became  entangled  in  the  Loess"  {op.  cit,  p.  203).  The 
tons  of  man  and  the  other  animals,  the  great  hecatombs  of 
?,  and  the  debris  of  dicotyledonous  plants,  etc. ; — these  no  doubt 
sent  the  actual  living  inhabitants  of  the  district  where  the  great 
low  of  waters  took  place,  and  were  destroyed  by  one  over- 
ming  blow.  We  have  singular  cases  on  a  smaller  scale  with 
h  to  compare  what  must  in  fact  have  happened.  Thus,  a 
us  eruption  of  mud  took  place  from  one  of  the  volcanos 
.va  in  1823.  Of  the  eflfects  of  this  eruption  Lyell  says:  "A 
)  of  twenty-four  miles  between  the  mountains  and  the  River 
(oi  was  covered  to  such  a  depth  with  bluish  mud  that  people 
buried  in  their  houses,  aud  not  a  trace  of  the  numerous  villages 
)lantation8  throughout  that  extent  was  visible.  Within  this  space 
odies  of  those  who  perished  were  buried  in  mud  and  concealedy  but 
the  limits  of  the  volcanic  action  they  were  exposed  and  strewn  over 

fround  in  great  numbers,  partly  boiled  and  partly  burnt 

day  after  the  eruption  the  rain  fell  in  torrents,  and  the  rivers, 
jly  charged  with  mud,  deluged  the  country  far  and  wide.  .  .  . 
first  intimation  the  inhabitants  of  Bandory  received  of  this 
lity  was  the  news  that  the  River  Wulna  was  bearing  down  into 
la  the  dead  bodies  of  men,  and  the  carcases  of  stags,  rhinoceroses, 
J,  and  other  animals  "  (Lyell's  Principles  vol.  ii.  p.  58).  This 
•ely  a  very  graphic  parallel  to  what  must  have  taken  place  on  a 

scale  when  the  Mammoth  perished  finally.     In  conclusion, 
pose  to  quote  a  passage  in  support  of  my  main  contention  from 
vith  whom  I  differ  greatly  iu  other  respects. 
us,  Mr.  Belt  is  at  one  with  me  in  regard  to  the  critical  fact  tb^t 
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the  Loess  presents  traces  everywhere  of  a  great  diluvial  movement. 
I  cannot  follow  him  in  attributing  it  to  the  Glacial  period,  and  to  the 
bursting  of  a  huge  barrier  of  ice  letting  loose  the  waters  of  a  great 
inland  lake.  All  this  seems  to  me  to  be  at  issue  with  the  evidence, 
but  I  must  claim  what  he  says  as  to  a  great  debacle,  as,  in  fact,  a 
proof  of  my  position  as  a  Post-Glacial  flood.  Of  this  debacle  he  says : 
"  It  is  to  the  first  rising  of  the  waters  that  I  attribute  the  destruction 
of  the  Mammoth  and  the  Woolly  Rhinoceros,  and  probably  of  Palaeo- 
lithic man  in  Europe.  The  evidence  is  perhaps  not  so  conclusive 
with  regard  to  Palseolithic  man,  but  as  concerns  the  two  great 
quadrupeds  it  is  clear  and  decisive.  I  can  find  nowhere  in  Europe  a 
trace  of  their  existence  after  the  first  rise  of  the  waters.  In  the 
great  debacle  their  bones  were  carried  and  spread  out  over  the  low 
grounds  along  with  the  lowland  gravel,  and,  doubtless,  often  carried 
into  the  top  of  low-lying  patches  of  Boulder-clay,  but  in  these  cases 
they  are  broken,  single,  or  rolled  "  (Belt,  op.  cit.  p.  89). 

Sporadic  inundations  and  floods  are  also  postulated  over  and  over 
again  in  the  pages  of  Mr.  Greikio  as  periodical  effects  of  the  melting 
of  ice,  etc. ;  but  the  fact  is,  if  we  are  to  find  a  cause  which  operated 
uniformly  from  the  Yellow  Sea  to  the  Atlantic,  and  left  no  traces 
of  intermittent  action  great  or  small,  but  uniform  unstratified 
mantles  of  deposit,  marking  one  substantive  and  supreme  cause,  we 
must  forego  these  local  and  fragmentary  predicates,  and  postulate  one 
overwhelming  flood,  such  as  is  demanded  by  the  evidence  we  have 
collected  from  other  sources.  I  propose,  in  another  paper,  to  deal 
with  the  so-called  Diluvium  of  the  French  and  Russian  writers,  and 
its  correlated  deposits. 

Note. — I  would  add  from  Mr.  Belt's  paper,  another  example  of  the 
occurrence  of  a  skeleton  of  what  was  doubtless  a  Mammoth  to  those 
already  cited  in  a  former  paper.  He  says,  "  It  is  related  that  when, 
in  the  Thirty  Years'  War,  the  Swedes  were  besieging  Erems,  they 
found  in  one  of  their  trenches  the  skeleton  of  a  monstrous  animal, 
and  that  besiegers  and  besieged  ceased  from  their  warfare  for  a  time 
to  gaze  on  the  huge  teeth  of  the  giant  that  had  been  dug  up  "  (op. 
eit.  p.  73). 
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Classification  op  the  Dinosaubia.     By  Prof.  0.  C.  Mabsh, 

M.A.,  F.as.» 

IN  the  May  number  of  the  American  Journal  of  Science  (p.  423),  I 
presented  an  outline  of  a  classification  of  the  Jurassic  Dinosaurian 
Reptiles  of  this  country  which  1  had  personally  examined.  The 
series  then  investigated  is  deposited  in  the  Museum  of  Yale  College, 
and  consists  of  several  hundred  individuals,  many  of  them  well 
preserved,  and  representing  numerous  genera  and  species.  To 
ascertain  how  far  tlie  classification  proposed  would  apply  to  the 
material  gathered  from  wider  fields,  I  have  since  examined  various 

^  Read  before  the  National  Academy  of  Sciences,  at  the  Philadelphia  meeting, 
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Dinosanrian  remains  from  other  formations  of  this  country,  and  like- 
wise, during  the  past  summer,  have  visited  most  of  the  museums  of 
Europe  that  oontain  important  specimens  of  this  ^roup.  Although 
the  investi^tion  is  not  jet  completed,  1  have  thought  the  results 
alreaily  attained  of  sufficient  interest  to  present  to  the  Academy  at 
this  time. 

In  previouB  classifioations,  which  were  based  upon  very  limited 
material  conn  pared  with  what  is  now  available,  the  Dinosaurs  were  very 
generally  regarded  as  an  order.  Various  chanicters  were  assigned 
to  the  group  by  Von  Meyer,  who  applied  to  it  the  term  Pachypoda ; 
by  Owen,  who  subsequently  gave  the  name  Dinosauria,  now  in 
general  use  ;  and  also  by  Huxley,  who  more  recently  proposed  the 
name  OmithosceUda,  and  who  first  appreciated  the  great  importance 
of  the  group,  and  the  close  relation  it  bears  to  Birds.  The  researches 
of  Leidy  and  Cope  in  this  country,  and  Hulke,  Seeley,  and  others  in 
Europe,  have  likewise  added  much  to  our  knowledge  of  the  subject. 

An  examination  of  any  considerable  portion  of  the  Dinosanrian 
remains  now  known  will  make  it  evident  to  any  one  familiar  with 
reptiles,  recent  or  extinct,  that  this  group  should  be  regarded,  not  as 
an  order,  but  as  a  sub-class,  and  this  rank  is  given  it  in  the  present 
communication.  The  great  number  of  subordinate  divisions  in  the 
group,  and  the  remarkable  diversity  among  those  already  discovered, 
indicate  that  many  new  forms  will  yet  be  found.  Even  among  those 
now  known,  there  is  a  much  greater  difference  in  size  and  in  osseous 
structure  than  in  any  other  sub-class  of  vertebrutos,  with  the  single 
exception  of  the  placental  Mammals.  Compared  with  the  Marsupials, 
living  and  extinct,  the  Dinosauria  show  an  equal  diversity  of 
structure,  and  variations  in  size  from  by  far  the  largest  land  animals 
known — fifty  or  sixty  feet  long — down  to  some  of  the  smallest,  a  few 
inches  only  in  length. 

According  to  present  evidence,  the  Dinosaurs  were  confined 
entirely  to  the  Mesozoic  age.  They  were  abundant  in  the  Triassic, 
culminated  in  the  Jurassic,  and  continued  in  diminishing  numbers 
to  the  end  of  the  Cretaceous  period,  when  they  became  extinct.  The 
great  variety  of  forms  that  flourished  in  the  Triassic  render  it  more 
than  probable  that  some  members  of  the  group  existed  in  the 
Permian  period,  and  their  remains  may  bo  brought  to  light  at  any 
time. 

The  Triassic  Dinosaurs,  although  so  very  numerous,  are  known 
to-day  mainly  from  footprints  and  fragmentary  osseous  remains. 
Not  more  than  half  a  dozen  skeletons,  at  all  complete,  have  been 
securer!  from  deposits  of  this  period  ;  hence,  many  of  tho  remains 
deHcribed  cannot  at  present  be  referred  to  their  appropriate  divisions 
in  the  group. 

From  the  Jurassic  period,  however,  during  which  Dinosanrian 
f  reptiles  reached  their  zenith  in  size  and  numbers,  representatives  of 
no  less  than  four  well-marked  orders  are  now  so  well  known  that 
different  families  and  genera  can  be  very  accurately  determined,  and 
almost  the  entire  osseous  structure  of  typical  examples,  at  least,  be 
made  out  with  certainty.     The  main  difficulty  at  present  with  tke 
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Jurassic  Dinosaurs  is  in  ascertaining  the  affinities  of  the  diminutive 
forms  which  appear  to  approach  Birds  so  closely.  These  forms  were 
not  rare,  but  their  remains  hitherto  found  are  mostly  fragmentary, 
and  can  with  difficulty  be  distinguished  from  those  of  Birds,  which 
occur  in  the  same  beds.  Future  discoveries  will,  without  doubt, 
throw  much  light  upon  this  point. 

Comparatively  little  is  yet  known  of  Cretaceous  Dinosaurs, 
although  many  have  been  described  from  incomplete  specimens.  All 
of  these  appear  to  have  been  of  large  size,  but  much  inferior  in  this 
respect  to  the  gigantic  forms  of  the  previous  period.  The  remains 
best  preserved  show  that,  before  extinction,  some  members  of  the 
group  became  quite  highly  specialized. 

Eegarding  the  DinoKaurs  as  a  sub-class  of  the  Eeptilia,  the  forms 
best  known  at  present  may  be  classified  as  follows  : — 

Sub-Class  DINOSAURIA. 

Premaxillary  bones  separate ;  upper  and  lower  temporal  arches ; 
rami  of  lower  jaw  united  in  front  by  cartilage  only ;  no  teeth  on 
palate.  Neural  arches  of  vertebrae  united  to  centra  by  suture; 
cervical  vertebrae  numerous ;  sacral  vertebrsB  coossified.  Cervical 
ribs  united  to  vertebrae  by  suture  or  ankylosis ;  thoracic  ribs  double- 
headed.  Pelvic  bones  separate  from  each  other,  and  from  sacrum  ; 
ilium  prolonged  in  front  of  acetabulum  ;  acetabulum  formed  in  part 
by  pubis ;  ischia  meet  distally  on  median  line.  Fore  and  hind 
limbs  present,  the  latter  ambulatory  and  larger  than  those  in  front ; 
head  of  femur  at  right  angles  to  condyles;  tibia  with  procnemial 
crest ;  fibula  complete.  First  row  of  tarsals  composed  of  astragalus 
and'calcaneum  only,  which  together  form  the  upper  portion  of  ankle 
joint. 

(1.)  Order  Saitropoda  (Lizard  foot).  Herbivorous. 

Feet  plantigrade,  ungulate  :  five  digits  in  raanus  and  pes  ;  second 
row  of  carpals  and  tarsals  unossified.  Pubes  projecting  in  front, 
and  united  distally  by  cartilage  ;  no  post-pubis.  Precaudal  vertebrae 
hollow.  Fore  and  hind  limbs  nearly  equal ;  limb  bones  solid. 
Sternal  bones  parial.     Premaxillaries  with  teeth. 

(1)  Family  Atlantosaurida.  Anterior  vertebrae  opisthocoelian. 
Ischia  directed  downward,  with  extremities  meeting  on  median  line. 

Genera  AtlaniosnurnSt  Apatoaaunis,  Brontosaurmt  Diplodocus, 
f  Camaraaaurus  (Amphiccelias),  f  Dystrophaus. 

(2)  Family  Morosaurida:,  Anterior  vertebrae  opisthocoelian. 
Ischia  directed  backward,  with  sides  meeting  on  median  line. 

Genus  Moroaaurua, 

European  forms  of  this  order :  Bothrioapondylu8f  Cetio8auru8f 
Chondroateoaaurua,  Eucamerotua,  Omithopaia,  Peloroaaurua, 

(2.)  Onler  Stegosauria  (Plated  lizard).  Herbivorous. 

Feet  plantigrade,  ungulate ;  five  digits  in  manus  and  pes  ;  second 
row  of  carpals  unossified.  Pubes  projecting  free  in  front ;  post- 
pubis  present  Fore  limbs  very  small ;  locomotion  mainly  on  hind 
limbs.     Vertebrae  and  limb  bones  solid.     Osseous  dermal  armour. 
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(1)  Family  StegoMurtda,  Yertebrad  biconcave.  Neural  canal  in 
sacmm  expanded  into  large  chamber ;  ischia  directed  backward,  with 
sides  meeting  on  median  line.  Astragalus  ooossified  with  tibia; 
metapodials  very  short. 

Genera  Stegosaurua  (Sypsirhophus),  Diraeodon,  and  in  Europe, 
Omosaurus,  Owen. 

(2)  Family  Scelidoaaurtdm.  Astragalus  not  ooossified  with  tibia ; 
metatarsals  elongated ;  four  functional  digits  in  pes.  Known  forms 
all  European. 

Genera  Scdidoaaurus,  AcanthophoUs,  Cratceomttaf  Hylaoaaurtu, 
Polacanlhits. 

(3.)  Order  O&nithopoda  (Bird  foot).  Herbivorous. 

Feet  digitigrade,  five  functional  digits  in  manns  and  three  in  pes. 
Pnbes  projecting  free  in  front ;  post-pubis  present.  Vertebrae  solid. 
Fore  limbs  small ;  limb  bones  hollow.  Premaxillaries  edentulous  in 
front 

(1)  YeimWj  Camptonotida,  Clavicles  wanting ;  post-pubis  complete. 
Genera  Camptonotus,  Laosaurus,  NanosauruSf  and  in  Europe  Hyp- 

tUophodon, 

(2)  Family  Iguanodontida,  Clavicles  present ;  post-pubis  incom- 
plete.    Premaxillaries  edentulous.    Known  forms  all  European. 

GU^nera  Iguanodon,  Vectisaurus. 

(3)  Family  Hadroaawrida,  Teeth  in  several  rows,  forming  with 
use  a  tessellated  grinding  surface.     Anterior  vertebrae  opisthoccelian. 

Grenera  MadrosauruSf  ?  Agathaumas,  Cionodon, 

(•L)  Order  Theropoda  (Beast  foot).  Carnivorous. 

Feet  digitigrade ;  digits  with  prehensile  claws.  Pubes  projecting 
downward,  and  ooossified  distally.  Vertebrae  more  or  less  cavernous. 
Fore  limbs  very  small ;  limb  bones  hollow.  Premaxillaries  with 
teeth. 

(1)  Family  Megalosaurida,  Vertebrae  biconcave.  Pubes  slender, 
and  united  distally.  Astragalus  with  ascending  process.  Five 
digits  in  man  us  and  four  in  pes. 

Genera  Megcdosaurus  (Poikilopleuron),  from  Europe.  Allosaurus, 
CcBlosauruSf  Creosaurus,  Dryptosaurus  (Lalapa). 

(2)  Family  Zanchdontida,  Vertebrae  biconcave.  Pubes  broad 
elongate  plates,  with  anterior  margins  united.  Astra^lus  without 
ascending  process ;  five  digits  in  manus  and  pes.  Known  forms 
European. 

Genera  ZanclodoUy  ?  Teratosaurus, 

(3)  Family  Amphiaaurida,  Vertebrae  biconcave.  Pubes  rod- 
like ;  five  digits  in  manus  and  three  in  pes. 

Genera  Amphiaaurua  (Megadactylua),  f  Bathygnathua,  f  Clepsy- 
KLurus  ;  and  in  Europe,  FdUeoaaurxia^  Thecodontosaurua, 

(4)  Family  Labroaaurida.  Anterior  vertebrae  strongly  opistho- 
coelian,  and  cavernous.  Metatarsals  much  elongated.  Pubes  slender, 
with  anterior  margins  united. 

Genus  Labroaaurus, 
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Sub-Order  Coslubia  (Hollow  tail). 

(5)  Family  Ccelurida,  Bones  of  skeleton  pneumatic  or  hollow. 
Anterior  cervical  vertebras  opisthocoeliati,  remainder  biconcave. 
Metatarsals  very  long  and  slender. 

Genus  Coelurus. 

Sub-Order  Compsoqnatha. 

(6)  Family  Compsognaihidm. — Anterior  vertebrao  opisthocoelian. 
Three  functional  digits  in  manus  and  pes.  Ischia  with  long  sym- 
physis on  median  line.     Only  known  specimen  European. 

Genus  Compsognathus, 

DINOSAURIA  ? 
(5.)  Order  Hallopoda  (Leaping  foot).  Camitorous  ? 

Feet  digitigrade,  unguiculate;  three  digits  in  pes;  metatarsals 
greatly  elongated ;  calcaneum  much  produced  backward.  Fore 
limbs  very  small.  Vertebrae  and  limb  bones  hollow.  Vertebras 
biconcave. 

Family  Hallopodida. 

Genus  Halloptu, 

The  five  orders  defined  above,  whicb  I  had  previously  established 
for  the  reception  of  the  American  Jurassic  Dinosaurs,  appear  to  be 
all  natural  groups,  well  marked  in  general  from  each  other.  The 
European  Dinosaurs  from  deposits  of  corresponding  age  fall  readily 
into  the  same  divisions,  and,  in  some  cases,  admirably  supplement 
the  series  indicated  by  the  American  forms.  The  more  important 
remains  from  other  formations  in  this  country  and  in  Europe,  so  far 
as  their  characters  have  been  made  out,  may  likewise  be  referred 
with  tolerable  certainty  to  the  same  orders. 

The  three  orders  of  Herbivorous  Dinosaurs,  although  widely 
different  in  their  typical  forms,  show,  as  might  be  expected,  indica- 
tions of  approximation  in  some  of  their  aberrant  genera.  Tlie 
Sauropodaf  for  example,  with  Atlantosaurus  and  Brontosaurus,  of 
gigantic  size,  for  their  most  characteristic  membera,  have  in  Moro* 
saurtia  a  branch  leading  toward  the  Steyosauria,  The  latter  order, 
likewise,  although  its  type  genus  is  in  many  respects  the  most 
strongly  marked  division  of  the  Dinosaurs,  has  in  Scelidosaurua  a 
form  with  some  features  pointing  strongly  towards  the  Omithopoda, 

The  Carnivorous  Dinosauria  now  best  known  may  all  be  placed 
at  present  in  a  single  order,  and  this  is  widely  separated  from  those 
that  include  the  herbivorous  forms.  The  two  sub-orders  defined 
include  very  aberrant  forms,  which  show  many  points  of  resemblance 
to  Mesozoic  Birds.  Among  the  more  fragmentary  remains  belong- 
ing to  this  order,  but  not  included  in  the  present  classification,  this 
resemblance  appears  to  be  carried  much  farther. 

The  order  Hallopodat  which  I  have  here  referred  to  the  Dinosauria^ 
with  doubt,  differs  from  all  the  known  members  of  that  group  in 
having  the  hind  feet  especially  adapted  for  leaping,  the  metatarsals 
being  half  as  long  as  the  tibia,  and  the  calcaneum  produced  far  back- 
ward.    This  difference  in  the  tarsus,  however,  is  not  greater  than 
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may  be  found  in  a  single  order  of  Mammals,  and  is  no  more  than 
might  be  expected  in  a  sub-class  of  Reptiles. 

Among  the  families  included  in  the  present  classification,  I  have 
retained  three  named  by  Huxley  (Scelidoaaurida,  Iguanodontidm,  and 
MegaloBauridm),^  although  their  limits  as  here  defined  are  somewhat 
different  from  those  first  given.  The  sub-order  Compsognatha,  also, 
was  established  by  that  author  in  the  same  memoir,  which  contains 
all  the  more  important  facts  then  known  in  regard  to  the  DinoBaurict, 
With  the  exception  of  the  Uadroaaurida,  named  by  Cope,  the  other 
families  above  described  were  established  by  the  writer. 

The  AmphisauridcB  and  the  Zanclodoniiday  the  most  generalized 
fiimilies  of  the  Dtnoaauria,  are  only  known  from  the  Trias.  The 
genus  DysirophcBua,  referred  provisionally  to  the  Sauropoda,  is  like- 
wise from  deposits  of  that  age.  The  typical  genera,  however,  of  all 
the  orders  and  sub-orders  are  Jurassic  forms,  and  on  these  especially 
the  present  classification  is  based.  The  HadroBauridm  are  the  only 
family  confined  to  the  Cretaceous.  Above  this  formation  there 
appears  to  be  at  present  no  satisfactory  evidence  of  the  existence  of 
any  Diuosauria. 
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THE  necessity  of  a  ready  and  easily  accessible  water  supply  has 
been  probably  the  most  common  cause  (although  other  causes 
may  have  sometimes  operated)  in  determining  the  sites  of  habitations, 
villages,  and  towns  in  former  times. 

Professor  Prestwich  has  shown  that  the  early  growth  of  London 
followed  unerringly  the  water-bearing  gravel  (from  10  to  20  feet  in 
thickness)  of  the  Thames  Valley,  eastwards  towards  Bow,  White- 
chapel,  and  Stepney ;  north-eastwards  towards  Clapton,  Hackney, 
and  Newington,  and  westwards  towards  Kensington  and  Chelsea; 
while  northward  it  came  for  many  years  to  a  sudden  termination 
where  this  bed  of  gravel  ends  abruptly  and  the  London  Clay  comes 
to  the  surface,  and  occupies  all  the  ground  to  the  north.  On  the 
outskirts  of  London,  a  succession  of  villages  grew  up  on  the  great 
beds  of  gravel  ranging  on  the  east,  on  the  north  along  the  Lea 
Valley,  on  the  west,  and  on  the  south  of  the  Thames,  while  the  old 
habitations  of  Harapstead  and  Highgate  are  due  to  the  water-bearing 
Bagshot  Sands  which  cap  these  elevations;  again,  where  the  permeable 
gravel  of  the  Boulder-clay  series  covers  the  London  Clay  hills  to  the 
north,  we  have  the  old  settlements  of  Hendon,  Finchley,  Barnet,  and 
other  villages.     (Ann.  Address  Geol.  Soo.  1872,  pp.  29-31.) 

The  extension  of  Metropolitan  London  upon  an  increased  water 
supply  is  clearly  indicated  by  the  coloured  Map  given  by  Mr.  De 
Kanoe  (p.  179),  showing  the  areas  built  upon  at  diiferent  dates  from 
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Old  London  in  1660,  and  suocessively  in  1745,  1818-34r-67,  to  the 
present  time  1881,  which  is  further  supplemented  by  another  Map 
(p.  184),  on  which  the  areas  now  supplied  by  the  nine  different  water 
companies  are  fully  shown. 

Mr.  Topley  has  pointed  out  the  relation  of  the  parish  boundaries 
of  the  south-east  of  England  to  the  great  geological  escarpments, 
due  in  great  measure  to  the  early  settlement  of  these  regions  by  our 
ancestors  on  districts  affording  a  water  supply  (p.  278).  Journ. 
Anthropol.  Inst  vol.  iii.  p.  32. 

Professor  Hull  shows  that  along  the  valley  of  the  Evenlode,  and 
other  parts  of  the  district,  villages  are  planted  wherever  there  are 
copious  springs  combined  with  a  dry  situation ;  some  of  these  villages 
are  perhaps  as  old  as  the  Norman  Conquest,  and  have  not  altered 
much  in  size  through  several  centuries  (p.  218).  Mem.  G^l  Surv. 
1859,  p.  8. 

Mr.  Fox-Strangways,  in  his  descnption  of  the  country  around 
Scarborough  and  Filey,  shows  how  geological  structure  has  influenced 
the  selection  of  sites  for  villages,  nearly  all  being  "  on  either  edge  of 
the  great  clay  valley,  where  springs  of  beautiful  calcareous  water 
burst  out"  (Mem.  Geol.  Surv.  1880). 

Prof  Buckman  describes  the  outcrop  of  the  Combrash  between 
Witham  Friary  and  Hard  way  to  Wincanton,  as  marked  by  a  line  of 
villages,  due,  not  only  to  the  fertility  of  the  soil  of  the  Combrash, 
but  to  its  being  a  collecting  ground  for  water  kept  up  by  the 
impervious  Forest  Marble  beneath  (p.  353). 

Dr.  Lycett  remarks  that  in  the  Cotteswold  district  to  the  south-east 
of  Stroud,  the  course  of  the  Fullers  Earth  upon  the  flanks  of  the 
valleys  is  indicated  by  a  zone  of  cottages  and  gardens,  which  often 
afford  a  stnking  contrast  to  the  barren  slopes  of  the  Inferior  Oolite 
beneath.  This  association  of  population  and  fertility  is  due  to  the 
springs  of  water  which  are  emitted  from  the  junction  of  the  Fullers 
Earth  with  the  Great  Oolite  (The  Cotteswold  Hills,  p.  86). 

The  subject  of  water  and  water  supply  has  for  some  years  past 
occupied  much  attention,  especially  as  the  increase  of  the  population 
in  towns  and  cities  required  a  further  supply  for  various  sanitary 
and  manufacturing  purposes ;  while  the  defective  state  and  frequent 
contamination  of  water  in  rural  villages  from  the  proximity  of 
shallow  wells  to  cesspits  and  ashpits  necessitated  some  further 
remedial  measures.  Prof.  Prestwich  remarks,  "Although  the  fla- 
grant sources  of  contamination  are  generally  removed  from  our  large 
towns,  they  still  too  often  lurk  in  hidden  or  forgotten  corners,  while 
in  hundreds  of  smaller  towns  and  villages,  and  in  thousands  of 
country  houses,  the  plague-spot  still  exists  in  almost  all  its  foulness 
and  intensity"  (Lecture  on  Water  Supply,  Oxford,  1876). 

Royal  and  Parliamentary  Commissions  in  1868,  1874,  1877,  1878, 
have  collected  much  information  on  water-supply  and  the  state  of 
our  rivers ;  Committees  have  been  appointed  on  Rivers  consecvation, 
and  for  inquiry  into  the  Underground  Circulation  of  water  (Brit 
Assoc.  1874-75),  and  many  contributions  have  been  made  to  scientific 
institutions,  on  the  storage,  flow,  and  distribution  of  water,  besides 
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special  works  by  Prof.  Prestwich,  Prof.  Ansted,  Mr.  Lucas,  Mr.  S. 
Haghes,  and  other  private  authors,  haviug  more  or  less  reference  to 
water  supply. 

Many  valuable  reports  were  obtained  by  the  Congress  on  National 
Water  Supply  convened  by  the  Council  of  the  Society  of  Arts  in 
1878-79.  See  Journ.  Soo.  of  Arts,  1879.  To  this  Congress  Mr.  De 
Banoe  was  a  contributor,  and  the  papers  then  read,  and  another 
"  On  the  Secondary  Bocks  of  England  as  a  source  of  Water  Supply  " 
(Manch.  G-eol.  Soa,  March,  1878),  combined  with  the  *'  Lectures  on 
Water  Supply"  to  the  Wigan  Mining  School  in  1876,  form  the 
basis  of  the  present  work.  The  object  being  to  show  not  only  the 
character  and  quantity  of  the  water  supplied  to  every  town  in  Eng- 
land and  Wales,  but  to  afford  data  for  estimating  the  volume  of 
water  available  and  the  quantity  required  for  consumption  (accord- 
ing to  the  population  census  of  1881)  in  the  different  groups  of  river- 
basins,  by  carefully  describing  the  area  of  the  principal  geological 
formations,  and  the  amount  of  rainfall  in  each  basin. 

The  first  chapter  treats  of  rainfall  and  its  percolation.  As  all 
fresh-water  is  derived  either  from  rain  or  snow,  the  distribution  of 
the  rainfall  (less  the  loss  by  evaporation  and  absorption  by  plants 
and  animals),  and  its  subsequent  accumulation  either  in  lakes,  rivers, 
or  in  underground  circulation,  are  the  available  sources  of  supply. 

Mr.  De  Kanoe  states — "  According  to  Mr.  Symons*  map,  the  rain- 
fall of  England  exceeds  25  inches  per  annum  throughout  the  entire  . 
area  lying  west  of  a  line  ranging  from  Shields  to  Reading,  whilst 
west  of  a  line  trending  from  Shields  to  Start  Point,  the  rainfall 
around  the  Lower  Palaeozoic  rocks  forming  the  elevated  tracts  of  the 
English  Lake  District,  of  Wales,  and  of  Dartmoor,  amounts  to  more 
than  75  inches  per  annum.  With  so  large  an  area,  receiving  so 
abundant  a  rainfall,  the  existing  absence  of  an  efficient  water-supply, 
not  only  for  our  larger  cities,  but  for  our  rural  population,  becomes 
a  matter  of  surprise,  and  an  inquiry  into  the  causes,  a  subject  of 
considerable  importance  "  (p.  1). 

The  Hyetographical  map  indicates  the  annual  amount  of  rainfall 
Arranged  under  six  divisions,  varying  from  23  to  90  inches. 

After  speaking  of  the  disadvantage  of  large  artificial  reservoirs 
from  their  sometimes  covering  extensive  areas  of  good  meadow 
ground,  in  comparison  to  natural  lakes  as  reservoirs,  the  author  says. 
"The  great  value  and  agricultural  character  of  the  land  consisting  of 
the  Newer  Palaeozoic,  Secondary  and  Tertiary  rocks,  make  an  inquiry 
into  the  amount  of  water  they  are  capable  of  yielding  when 
penetrated  by  deep  wells,  which  do  not  necessitate  large  expanses 
of  reservoir  space,  a  matter  of  considerable  interest.  Classified  ac- 
cording to  their  water-yielding  characters,  they  may  be  described  as 
impermeable,  pervious,  and  suprapervious,  the  latter  consisting  of 
impermeable  strata  resting  on  a  pervious  rock"  (p.  5). 

The  Hydro-geological  map  (p.  30)  shows  the  areas  occupied  by 
these  rocks,  to  which  is  added  a  "  partially  porous  "  division. 

The  storage  capacity  of  rocks  is  also  considered,  and  a  table  (p.  19) 
shows  the  varying  quantity  of  water  held  in  the  pores  of  various 
rockfl,  per  cubic  foot 
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In  the  second  chapter,  which  is  chiefly  taken  from  the  6th  Beport 
of  the  Rivers  Pollution  Commission  (1874),  the  composition  and 
varying  character  of  waters  as  derived  from  or  flowing  over 
different  geological  strata,  are  successively  descrihed  in  relation  to 
their  hardness,  soluble  contents,  and  organic  impurities,  accompanied 
by  a  table  of  analyses  of  water  derived  from  Oolitic  rocks,  from 
which  it  appears,  that  although  these  rocks  for  the  purification  and 
storage  of  water  are  equal,  if  not  superior  to  the  Chalk,  the  analyses 
show  that  great  care  should  be  exercised  to  cut  off  surface  oontami- 
nution  in  deep  wells,  and  that  shallow  wells  are  absolutely  unsafe, 
(pp.  41-44). 

Much  useful  information  is  given  in  this  chapter  as  to  the  solid 
impurities  and  hardness  of  different  waters  from  various  rocks,  and 
their  fitness  for  domestic  purposes.  While  the  use  of  hard  water 
for  washing  and  the  generation  of  steam  is  a  disadvantage,  it  may 
be  notioeil  that  the  presence  of  sulphate  of  lime  in  the  Burton 
water  is  believed  to  give  it  a  pre-eminence  in  the  manufacture  of 
beer,  and  it  is  estimated  that  the  gypsum  derived  from  the  water 
used  in  brewing  1000  barrels  of  ale  would  be  260  lbs.  (p.  112).  Of 
the  water  derived  from  the  Burton  Valley  gravels,  and  used  in  various 
operations  of  brewing,  probably  not  less  than  1,050,000  lbs.  of 
gypsum  will  be  disposed  of,  which  Mr.  Molyneux  considers  will  not 
represent  one-tenth  of  the  actual  amount  of  gypsum  being  annually 
•  carried  to  the  sea  (p.  113,  and  Burton-on -Trent,  1869,  p.  208). 

The  following  chapters  (iii.  to  xxxiv.  pp.  47-675),  forming  the 
body  of  the  work,  are  devoted  to  the  special  description  of  the  river- 
basins  of  England  and  Wales.  For  the  215  river  basins  delineated 
on  the  Catchment-basin  Map  of  the  Ordnance  Survey,  various 
groupings  have  been  suggested,  especially  in  the  papers  contributed 
to  the  Congress  before  mentioned  by  Messrs.  Lucas,  Atchison, 
Penning,  and  Prof.  Ansted.  In  this  work  Mr.  De  Banco  has 
adopted  13  main  groups  or  drainage  areas,  the  distribution  of  which 
is  shown  on  a  coloured  map  (p.  47).  Under  each  of  the  great  divi- 
sions the  included  minor  basins  are  fully  described, — giving  the 
length  of  the  streams,  their  area  in  square  miles,  the  rainfall  and 
highest  point  of  watershed,  together  with  the  chief  towns  situated 
within  them,  their  acreage,  population,  amount  of  water  supply  and 
rateable  value. 

Throughout  these  chapters  there  is  a  great  amount  of  statistical 
data,  very  useful  for  reference,  but  difficult  to  abstract,  interspei-sed 
with  much  interesting  information, — on  the  different  water-partings 
of  the  country  and  their  importance  (pp.  47,  135,  174),  on  the 
limestones  and  sandstones  of  the  Permian  rocks  (p.  59),  on  the 
relative  value  of  hard  and  soft  water  on  health,  and  even  on  the 
death  rate  (p.  39),  on  rainfall  received  in  one  basin  flowing  under- 
ground into  another  (pp.  100-102),  on  the  Lower  Greensand  as 
a  source  of  water  supply  (pp.  24,  43),  on  the  London  water  supply 
(pp.  179,  184,  194,  243),  on  the  area  of  the  Cretaceous  rocks,  and 
their  water-bearing  capability  (p.  136),  and  on  Artesian  wells, — 
besides  noticing  many  localities  where  these  wells  are  used,  Mr.  De 
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Banco  has  collected  the  facts  and  opinions  of  various  authors  who 
have  inyestigated  the  suhject,  as  to  the  capability  of  these  wells 
3rielding  a  good  and  permanent  supply,  especially  in  connexion  with 
the  Metropolis  (pp.  183,  187,  241). 

That  they  may  be  an  effective  source,  under  certain  conditions, 
tiiere  can  be  little  doubt ;  but  the  calculation  roust  be  based  not 
upon  the  amount  of  rainfall  over  the  exposed  surface  area  of  the 
permeable  rock,  but  on  the  proT)able  quantity  which  finds  its  way 
to  the  underground  reservoir  to  supply  the  Artesian  well  (see 
pp.  183-4). 

It  is  well  known  that  the  level  of  the  water  in  the  London  arte- 
sian wells,  derived  from  the  Lower  Tertiary  sands  and  Upper  Chalk, 
has  steadily  decreased  with  the  increase  of  their  number ;  still  it  was 
expected  by  sinking  to  lower  permeable  strata,  that  a  better  supply 
might  be  obtained,  and  thus  obviate  the  use  of  the  Thames  and  Lea 
Btreams.  The  Rivers  Pollution  Commission  (Sixth  Report)  believe 
that  within  a  forty  mile  radius  of  London  a  sufficient  volume  of 
deep-well  and  spring  water  can  be  obtained  for  the  wants  of  the 
metropolis,  from  the  Chalk  and  Upper  Greensand  ;  but  as  Dr.  John 
Evans,  F.R.S.,  remarks, — while  they  admit  that  any  water  drawn 
from  the  subterranean  reservoir  in  the  Chalk  by  artificial  means  will 
be  at  the  expense  of  the  streams  which  now  flow  through  the  valleys 
in  the  Chalk  area,  they  do  not  give  even  a  passing  consideration 
to  the  effect  upon  that  area  of  abstracting  from  it  its  natural  supply 
of  water,  how  it  will  affect  the  existing  wells,  the  mill-streams,  and 
the  fertility  of  the  district  dependent  on  the  supply  of  moisture 
(Ann.  Address,  Gaol.  Soc.,  1876,  p.  70). 

The  Royal  Commission  on  Water  Supply  laid  great  stress  on  the 
underground  store  of  water  supposed  to  be  contained  in  the  Lower 
Greensand  (Report,  1869,  p.  87),  and  which  had  been  previously 
advocated  by  Prof.  Prestvvich  in  his  "Water-bearing  Strata,"  1851. 

The  experience  since  gained  by  the  borings  at  present  made  is  not 
favourable  to  the  scheme  (p.  243),  as  far  as  the  immediate  neighbour- 
hood of  London  is  ooneenied. 

In  other  districts,  however,  the  Lower  Greensand  has  yielded 
effective  supplies ;  thus,  at  Cambridge,  although  Mr.  De  Ranee  men- 
tions but  one  artesian  well  at  Harston  200  feet  deep  (p.  154), 
Prof.  Prestwich  states  that  artesian  wells  are  numerous,  and  that 
njnch  of  the  water  is  evidently  pure  and  good  (Water-bearing  Strata, 
1851,  pp.  90,  167, 183, 193).    Also  Prof.  Bonney,  Camb.  Geol.  p.  80. 

There  are  many  artesian  wells  at  Harston  and  all  round  this  Gault 
district  which  draw  their  water  from  the  Lower  Greensand,  some  of 
which  overflow.  A  well  has  been  bored  through  the  Gault  at  Cherry 
Hinton  for  the  Cambridge  water  works.     M.G.S.  Camb.  Dist,  p.  129. 

Again,  in  Bedfordshire,  Prof.  Chapman  remarks  (Phil.  Mag.  1852, 
2nd  ser.  vol.  iv.  p.  102)  :  "  There  are  perhaps  few  localities  in  which 
the  subject  of  Artesian  wells  can  be  better  studied  than  in  the  valley 
between  Silsoe  and  Barton-in-the-Clay ;  the  latter  village  lying 
under  the  bold  escarpment  of  the  Chalk  with  its  projecting  spurs 
and  jrounded  hollow  coombes,  and  the  former  on  the  o^\)0^\u^  TWi^<^ 
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of  the  Lower  Qreensand."  In  this  valley  the  Lower  Greensand  is 
covered  by  impermeable  calcareo-argillaceous  strata  (Gault,  Upper 
Greensand,  and  Chalk  Marl),  so  that  within  an  area  of  ten  square 
miles,  from  one  to  two  hundred  borings  have  been  executed ;  and  in 
a  great  number  of  instances  the  bore-holes  produce  an  overflowing 
stream.  The  water  is  slightly  chalybeate,  its  temperature  is  51°  F. 
and  is  generally  considered  to  be  very  wholesome ;  the  abstraction 
from  these  wells  was  estimated  in  1852  at  three  to  four  million 
gallons  daily  over  the  area. 

The  distribution  of  population  in  relation  to  water-demand,  on  the 
average  of  31  gallons  per  head  per  day,  is  shown  on  a  map  (p.  675), 
arranged  under  14  sections,  and  the  last  chapter  treats  on  the  propa- 
gation of  epidemics  by  potable  waters. 

We  have  attempted  to  notice  generally  some  of  the  facts  and  sug- 
gestions brought  together  by  Mr.  De  Banco,  the  result  of  much 
labour,  and  which  are  systematically  and  usefully  arranged. 

To  those  immediately  interested  in  water  supply  the  volume  will 
be  a  necessary  acquisition,  while  the  general  reader  will  find  many 
interesting  points  connected  with  the  present  state  of  the  water 
question  and  its  varied  sources  of  supply  and  distribution. 

The  three  copious  indexes — 1.  Of  the  authors  cited ;  2.  The  dis- 
tribution of  lakes,  rivers,  etc. ;  and  3.  The  urban  sanitary  districts — 
will  afford  facility  for  any  reference  required. 

A  more  prominent  heading  at  the  commencement  of  each  of  the 
thirteen  catchment  basins,  with  the  same  numerals  affixed  as  on  the 
map,  and  a  fuller  reference  to  the  works  of  many  of  the  authors 
cited,  would  have  been  useful.  A  few  typographical  errors  occur, 
such  as  the  word  '*  distribution "  used  instead  of  "  destruction," 
p.  51,*  River  Oak  for  Ock,  p.  215,  Ludlow  for  Wenlock,  p.  386, 
Brentford  for  Watford,  p.  193,  and  several  others  of  minor  import- 
ance. J.  M. 
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December  21,  1881.— R.  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "  The  Torridon  Sandstone  in  relation  to  the  Ordovician  Rocks 
of  the  Northern  Highlands."   By  C.  Callaway,  Esq.,  M.  A.,  D.Sc.,  F.G.S. 

The  author  pointed  out  that  the  apparent  difference  in  dip 
between  the  Torridon  sandstone  and  the  overlying  quartzite  in  the 
neighbourhood  of  Loch  Broom  was  due  to  some  markings  in  the 
former  which  suggested  a  direction  of  bedding  which  was  not  the 
real  one,  and  that  the  one  rock  passed  gradually  into  the  other. 
The  two  are  perfectly  conformable  at  Strath  Auchall,  where  the 
junction  can  be  well  studied ;  also  between  Unaport  and  Strath 
Kennort,  on  the  north  side  of  Loch  Assynt  and  south  of  Unaport. 

^  Mr.  Topley  remarks,  *<  The  peat-bogs  acted  as  laige  sponges,  or  as  compensating 
wflervoirs,  but  they  were  being  yearly  destroyed."— Proc.  Inst.  Civ.  £ng.  xlv.  p,  dO. 
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The  author  then  oonsiders  that  there  is  proof  of  the  conformity  of 
the  qtiartzites  with  the  Torridon  sandstone,  and  that  there  is  no 
Qnoonformity  as  generally  suggested.  In  this  case  it  appears  to 
him  to  follow  that  the  Torridon  sandstone  must  be  either  Ordovician 
or  Upper  Cambrian  in  age,  and  that  the  former  is  more  probable,  as 
the  overlying  quartzite  is  not  more  than  some  500  feet  thick,  so  that 
the  united  thickness  of  the  two  hardly  exceeds  at  most  that  of  the 
Arenigs  of  Shropshire  or  South  Wales. 

2.  "  The  Pre-Cambrian  (Archaean)  Bocks  of  Shropshire."  Part  IL 
By  C.  Callaway,  Esq.,  D.Sc.,  F.G.S. 

The  author  described  the  western  axis  of  Archaean  rocks  in 
Shropshire,  which  runs  roughly  parallel  with  the  Wrekin  and 
Caradoc  ranges  at  a  distance  of  from  six  to  seven  miles,  the  inter- 
vening district  being  chiefly  occupied  by  the  Longmynd  rocks. 
They  are  exposed  over  a  line  about  11  miles  long,  forming  usually 
bw  hills  or  ridges  trending  S.S.W.  Poutsford  Hill,  however,  at  the 
Dorthem  end  projects  prominently  into  the  Shropshire  plain.  In  the 
lower  part  of  this  hill  are  purple  rhyolites  banded  and  spherulitic, 
the  latter  structure  being  exhibited  in  chalcedony  filling  cavities  of 
the  rock.  Compact  dolerite  forms  the  upper  part  of  the  hill.  At 
Lyd's  Hole  a  junction  of  the  Cambrian  Grits  with  the  underlying 
rhyolites  is  seen.  Conglomerates  containing  the  latter  rock  also 
occur.  At  Gatten  Lodge  are  purple  hornstones ;  at  KnolPs  Ridge 
somewhat  similar  rocks,  with  others  that  appear  intrusive  ;  at  Cold 
Hill  purple  homstone  and  breccia ;  and  at  Chissol  a  greenish  horn- 
Btone.  The  rocks  of  Knoll's  Wood  are  probably  about  on  the 
hori2X)n  of  those  of  Caer  Caradoc,  grits  perhaps  derived  from  a 
gneissic  area.  Stratigraphical  as  well  as  lithological  considerations 
lead  the  author  to  the  opinion  that  the  series  is  Pre-Cambrian. 

3.  '*  The  Red  Sands  of  the  Arabian  Desert"  By  J.  A.  Phillips, 
Esq.,  F.RS.,  F.G.S. 

ITie  author  desciibed  the  general  characters  of  the  Nefdd,  or  great 
red  desert  of  Northern  Arabia,  which  consists  of  a  series  of  parallel 
ridges  of  considerable  elevation,  no  doubt  at  some  period  piled  up 
by  the  action  of  strong  winds,  but  now  no  longer  undergoing  much 
change  of  position,  as  is  evidenced  by  the  fact  that  sticks  and  stones 
remain  for  many  days  uncovered  on  the  surface,  and  that  the  land- 
marks made  use  of  in  crossing  the  desert  appear  to  be  permanent. 
A  specimen  of  the  sand  of  this  desert  received  by  the  author  from 
Lady  Anne  Blunt,  is  composed  of  well-rounded  red  grains  from  -jV 
to  iV  inch  in  their  longest  diameter,  which  are  rendered  colourless 
by  treatment  with  hydrochloric  acid,  the  material  thus  removed 
amounting  to  '21  per  cent.,  or  a  little  more  than  -j-J^xr  of  the  total 
weight  operated  upon,  and  consisting  of  ferric  oxide  with  a  small 
quantity  of  alumina.  The  sand  dried  after  the  action  of  hydro- 
chloric acid  gave  on  analysis  : — 

SlllCA 9o*0u 

Protoxide  of  iron 0*28 

Alumina        0*88 

Lime,  magnesia,  and  alkalies      trace. 
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The  external  coating  of  ferric  oxide  mast  therefore  have  been 
deposited  subsequently  to  the  rounding  of  the  grains ;  it  could  not 
have  been  derived  from  an  external  decomposition  of  the  grains 
themselves ;  and  it  becomes  difficult  to  imagine  in  what  manner  the 
superficial  red  coating  can  have  been  produced.  The  author  compared 
these  grains  with  those  of  the  millet-seed  sandstones  of  Triassic  age, 
with  which  they  closely  agree  in  character,  but  remarked  that  Uie 
conditions  of  their  occurrence  were  apparently  quite  different. 

4.  "  Analyses  of  five  rocks  from  the  Charnwood  Forest  District" 
By  E.  E.  Berry,  Esq.  Communicated,  with  Notes,  by  Prof.  T.  G» 
Bonney,  F.R.S.,  Sec.  G.S. 

These  analyses  are  of  homblendio  granite  from  Mount  Sorrel, 
"  syenite  "  from  Markfield,  Garendon,  and  Croft  Hill,  and  •*  porphy- 
roid  "  from  Sharpley.  In  the  main  they  confirm  the  views  expressed 
by  Messrs.  Hill  and  Bonney  in  their  communications  on  the  subject, 
arrived  at  from  microscopic  examination,  as  to  the  nature  and 
affinities  of  these  rocks. 


THE  FOLKESTONE  BEDS. 

Sir, — In  the  discussion  at  the  meeting  of  the  Geological  Society 
on  Deo.  7,  1881,  it  was  mentioned  by  Prof.  Judd  that,  according 
to  Dr.  Barrois,  the  Folkestone  beds  belonged  rather  to  the  Ganlt 
than  to  the  Neocomian. 

It  is  well  known  that  the  top  bed  of  the  glauconitio  grits  at  Copt 
Point  contain,  as  mentioned  by  Mr.  Topley  (Q.  J.G.S.  vol.  xxiv.  p.  47) 
Amm.  mammillarisy  A,  Beudardi^  InoeeramuB  Salamoni,  to  which  may 
be  added  I.  concentricus,  etc.,  and  for  this  reason,  in  1860,  M.  Gaudry 
proposed  to  separate  this  horizon  at  Folkestone  and  Wissant  from 
the  Neocomian,  and  place  it  in  the  Gaiilt.  Probably  most  observers 
will  agree  to  draw  the  line  of  separation  by  the  former  Ammonite. 

But  below  the  mammillaris-bed  at  Folkestone,  we  begin  to  find 
the  large  Exogyra  sinuata ;  in  my  notes  I  find  it  stated  that  it  is 
not  uncommon,  whilst  Janira  qmnquecosiata  was  also  seen  in  the 
grits  at  Copt  Point.  Moreover  these  observations  are  not  un- 
supported. In  the  Woodwardian  Museum  are  a  series  of  fossils 
from  these  grits  and  the  sands  between  them  from  near  Copt  Point, 
collected  by  Messrs.  H.  and  W.  Keeping,  which  make  the  Neocomian 
age  of  the  Folkstone  beds  a  matter  of  no  uncertainty.  These  are  from 
the  grits,  Ex,  sinuata,  Pecten  orhicutaris,  Janira  qninquecostata, 
Avicula  pectinata,  CucuIlcBa  fibrosa ;  from  the  sands,  Lucina  Vectensis, 
Trigonia  alopformiSf  Pecinnculus  of,  umbonatm,  Sow.,  CucuUcsa^  Astarte 
numismaliSf  D'Orb.,  TeUina,  Rhynchonella  cf,  elegans,  Sow. 

Dr.  Barrois  has  already  noted  the  presence  of  OsL  aquila  (sinuata) 
in  the  Folkestone  sands  (Ann.  Soc.  Geol.  Nord.  vol.  ii.  p.  46),  but  I 
was  not  aware  that  it  occurred  in  the  same  bed  with  A,  mammillaris 
as  he  implies,  though  doubtless  it  does  so  in  the  Argonne,  etc.  (ibid, 
pp.  23,  34,  58).  Probably  English  geologists  will  still  continue 
indisposed  to  classify  the  Folkestone,  the  Sandgate,  and  the  Hythe 
beds  as  proposed  (ibid.  p.  56)  with  the  Qault. 
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We  may  add  that  the  mammillaris-bed  at  Copt  Point  yielded  to 
the  researches  of  Messrs.  H.  and  W.  Keeping  an  example  of  TJietis 
minor  phosphatized.   Of  course  it  may  be  argued  that  it  was  derived. 

WOODWABOIAN  MXJSBUM,  GaMBRIDOB.  E.  B.  TaWNET. 


SIR    ANTONIO    BRADY,    KNT.,   J. P.,    F.G.S. 

£o&N  1811  ;   DiBD  12th  Dbcember,  1881. 

It  is  always  with  a  keen  feeling  of  regret  that  we  record  the  loss 
from  the  scientific  ranks  of  men  whose  faces,  as  well  as  their  names, 
were  familiar  to  us  by  long  association,  and  who  were  for  years 
fellow- workers  in  the  same  geological  area.  Such  a  one  was  Sir 
Antonio  Brady,  F.6.S.,  who  passed  from  among  us  on  the  12th  of 
December,  1881,  from  an  afifection  of  the  heart. 

He  was  the  eldest  son  of  the  late  Mr.  Anthony  Brady,  of  the 
Royal  William  Victualling  Yard,  Plymouth,  by  his  marriage  with 
Marianne,  daughter  of  Mr.  Francis  Perigal.  Bom  in  1^11,  he 
entered  the  Civil  Service  of  the  Navy  as  a  junior  clerk  in  the 
Victualling  Yard,  Deptford,  more  than  fifty  years  since.  After 
serving  in  various  offices,  having  been  promoted  to  head-quarters, 
he  became  head  of  the  Contract  Office  and  Registrar  of  Public 
Securities  in  1854,  subsequently  assisting  to  reorganize  that  office. 
After  the  reorganization  of  the  office  he  was  appointed  first  super- 
intendent of  the  Purchase  and  Contract  Department,  retiring  from 
the  service  in  1870,  when  he  received  the  honour  of  knighthood. 
Since  his  retirement  from  the  public  service,  Sir  Antonio  has 
devote<l  his  energies  to  the  service  of  the  public,  and  having  t^iken 
a  leading  part  in  the  preservation  of  Epping  Forest  for  the  people, 
was  appointed  a  judge  in  the  *'  Verderer's  Court  for  the  Forest  of 
Epping.**  He  also  took  great  interest  in  the  work  of  church 
extension,  and  was  a  member  of  the  Kay,  the  Pal  aeon  tograjihicjil 
and  Geological  Societies.  He  was  in  the  Commission  of  the  Peace 
for  Westminster.  The  deceased  married,  in  1837,  Maria,  eldest 
daughter  of  the  late  Mr.  George  Kelner,  of  Ipswich,  by  whom  he 
leaves  a  son,  the  Rev.  Nicholas  Brady,  M.A.,  and  two  daughters. 

But  it  is  in  his  character  of  a  geologist  that  we  must  now  speak 
of  Sir  Antonio  Brady.  So  long  ago  as  1844  his  attention  was 
attracted  to  the  wonderful  deposits  of  brickearth  which  occupy  the 
Valley  of  the  Boding  at  Ilford,  within  a  mile  of  his  residence. 
Encouraged  by  Professor  Owen  and  other  eminent  palaeontologists, 
whose  society  he  so  loved  to  enjoy  at  his  hospitable  home  at  Mary- 
land Point,  Stratford,  he  commenced  to  collect  the  rich  series  of 
Mammalian  remains  which  the  Thames  Valley  brickearths  yield. 
Owing,  however,  to  their  porous  nature,  the  bones  had  lost,  during 
their  long  interment,  all  their  gelatine,  and  the  earlier  "finds," 
when  exhumed,  were  so  soft  and  friable  that  they  crumbled  beneath 
the  touch,  and  it  was  not  until  fresh  gelatine  had  been  introduced 
that  it  was  found  possible  to  j)reserve  these  magnificent  remains  of 
the  old  inhabitants  of  this  district.  In  his  Catalogue  of  the  Pleisto- 
cene Manamalia  from  Ilford,  Essex  (1874,  4to.  prmWd  iot  ^ivs^V^ 
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circulation  only),  Sir -Antonio  Brady  pays  a  jast  tribate  of  respect  to 
the  genius  and  ability  of  bis  first  instructor  in  the  art  of  preserving 
fossil  bones,  and  acknowledges  that  he  was  indebted  to  Mr.  William 
Davies,  F.O.S.,  of  the  British  Museum,  for  the  preservation  of  most 
of  the  larger  specimens  in  his  collection. 

Some  idea  may  be  formed  of  the  enormous  riches  of  this  deposit 
when  we  find  that  an  amateur,  in  his  leisure  hours,  was  able  to 
amass  nearly  one  thousand  specimens  of  Mammalia  from  a  single 
locality,  comprising :  Felia  apelaa,  Cams  vtdpes,  Ursus,  sp.,  Elephas 
prifntgen{u8f  E,  antiqum,  Rhinoceros  leptorhinus,  E.  megarhinus,  B. 
tichorhinus,  Equus  fossilis,  Megaceros  Hibemicus,  Cervus  elaphus,  C, 
sp.,  Bison  priscus.  Bos  primigenius,  Hippopotamus,  sp.  To  this  in- 
teresting series  of  fossil  remains  of  the  old  fauna  of  the  Thames 
Valley,  we  may  add  that  the  subsequent  researches  of  Prof.  Boyd 
Dawkins,  F.R.S.,  and  R.  W.  Cheadle,  Esq.  F.G.S.,  have  added  the 
*'  Musk-Ox,"  Ovibos  moschattiSf  and  the  labours  of  F.  C.  J.  Spurrell, 
Esq.,  F.G.S.,  the  "Lemming."  We  have  thus  presented  to  us 
in  this  area  the  conjunction  of  Northern  and  Southern  forms  of 
land-animals  as  marvellous  as  that  which  modem  London  exhibits 
to-day,  in  its  assemblage  of  specimens  of  the  genus  Homo,  from 
every  clime.  For  with  the  Hippopotamus,  the  Rhinoceros,  and  the 
Lion  from  the  south,  we  have  also  in  abundance  the  Oyrena  fluminalis, 
a  shell  now  characteristic  of  the  Valley  of  the  Nile  and  the  rivers  of 
India  and  China :  whilst  from  the  north,  the  "  Musk-Ox,"  the  Rein- 
deer, the  Elk,^  and  the  Lemming  advance  to  meet  them. 

To  Sir  Antonio  Brady,  then,  we  are  indebted  for  a  most  valuable 
collection  of  Pleistocene  Mammalia,  now  happily  preserved  in  the 
British  Museum  of  Natural  History,  Cromwell  Road.  Nor  must  we 
omit  to  mention  that  he  strove  by  his  presence,  as  a  resident  at 
Stratford,  and  by  his  constant  acts  of  kindness  and  hospitality  to  the 
workmen,  and  by  the  largesse  which  he  freely  gave,  to  rescue  from 
destruction  these  interesting  relics  of  a  pre-historic  age,  which 
now  help  to  swell  the  magnificent  series  of  our  National  Museum. — 
H.  W.-'i*' Nature;'  Dec.  22,  1881.) 

CHARLES    MOORE,    F.G.S. 

BoBK  AT  Ilminstek,  1814 ;  Died  at  Bath,  Deo.  1881. 
There  are  some  men  who  are  induced  by  example  and  the 
influence  of  others  to  become  geologists  ;  there  are  a  few  men  who 
are  to  the  manner  bom.  Charles  Moore  was  one  of  those  self- 
taught  naturalists,  who,  if  not  born  a  "  hammerer,"  took  to  it  from 
boyhood.  In  the  quarries  of  the  Upper  White  Lias,  near  Tlminster, 
at  which  place  Charles  Moore  was  born,  there  are  found  large 
numbers  of  oblong  oval  nodules  which,  with  the  ready  assimilation 
characteristic  of  boyhood,  were  found  excellent  for  bowling  along 
the  road.  He  was,  as  a  schoolboy,  one  day  amusing  himself  thus 
with  two  nodules  in  the  road,  when,  in  striking  together  violently, 
one  of  the  nodules  split  open  and,  to  his  surprise,  revealed  a  fossil 
fish  inside.     His  curiosity  was  instantly  aroused  as  to  how  such  an 

^  There  is  evidence  of  the  trae  Elk  iAlces  palmatua)  from  the  somewhat  later 
depoeits  of  Walthamstow,  Essex.    (See  Obol.  Mao.  1869,  pp.  385-388.) 


Ohituartf — Charka  Moore.  95 

(Hfiamsm  could  haTo  got  into  each  an  unlikely  place  as  the  middle 
of  a  bard  round  stone.  He  sought  out  a  book  on  geology,  and  read 
it  with  avidity,  and  the  keen  interest  thus  first  awakened  neyer 
flagged  even  to  the  end.  From  this  early  date  Charles  Moore 
became  a  collector  of  fossils,  and  an  accumulator  of  geological  facts, 
tnd  before  he  removed  from  Ilminster  to  fiath  he  had  already 
formed  a  considerable  collection,  and  become  thoroughly  acquainted 
with  the  geology  of  the  district  in  which  he  lived.  Brought  up  to 
the  business  of  a  Bookseller,  he  was  for  some  time  engaged  at  the 
Grand  Pump  Boom  Library,  Bath.  He  subsequently  married  the 
only  daughter  of  Mr.  Deare,  of  Widcombe,  and  from  that  time  he 
relinquished  business  and  devoted  his  whole  life  and  energy  to 
geological  investigations,  and  to  the  service  of  the  City  of  Bath, 
of  which  he  was  an  Alderman.  Those  who  can  recall  the  meeting 
of  the  British  Association  at  Bath,  in  1864,  will  doubtless  remember 
Mr.  Charles  Moore's  paper  *'  On  the  Geology  of  the  South- West  of 
England/'^  in  which  he  described  the  "RhsBtic  Beds,"  a  group 
of  strata  which  had  before  escaped  the  notice  of  geologists  in  this 
country.  These  beds,  situated  intermediate  between  the  Lias  and 
the  Trias,  so  largely  developed  in  the  Ehsetic  Alps,  are  but  thinly 
represented  in  this  country ;  they  are  nevertheless  of  the  highest 
palaeontological  interest.  Mr.  Moore  described  the  contents  of  three 
cartloads  of  detritus  of  Ehaetic  Beds  wliich  had  been  washed  into 
a  fissure  of  Carboniferous  Limestone  at  Holwell,  near  Frome, 
Somerset.  From  this  he  exhibited  twenty-nine  teeth  of  one  of  the 
oldest  known  Mammals  (Microlestes  Mooreij  Owen,  see  Pal.  Soc 
vol.  xxiv.  1870.  Mon.  British  Mesozoio  Mammals,  p.  6,  pi.  i.  figs. 
1-13),  three  only  having  been  previously  found  in  so  old  a  stratum 
(viz.  Microlestes  antiquns,  Plieninger,  from  the  Hhsetic  bone  bed  at 
Diegerloch,  Wurtemberg).  Mr.  Moore  also  showed  relics  of  nine 
genera  of  reptiles  and  fifteen  genera  of  fishes,  most  of  which  were 
new  to  this  country.  He  produced  before  the  meeting  70,000  teeth 
of  LophoduSj  alone,  as  the  result  of  this  labour,  and  he  stated  that 
the  hand  picking,  under  a  lens,  of  this  three  cartloads  of  clay  had 
probably  yielded  him  one  million  organic  remains. 

Those  present  will  recall  the  amusing  and  interesting  description 
he  gave  of  those  wonderful  nodules  from  the  Upper  Lias  containing 
remains  of  Insects,  Crustaceans,  Fishes,  Reptiles,  and  Plants ;  and 
how  he  riveted  the  attention  of  his  audience  by  affirming  that  he 
oould  say  with  certainty  that  one  contained  the  tail  of  a  Pachycormus, 
that  a  second  contained  a  head  of  a  similar  fish,  a  third  a  perfect 
fish,  another  a  Cuttle-fish  with  its  cuttle-bone  and  ink-bag.  Then, 
hammer  in  hand,  Mr.  Moore  proceeded  to  open  them  seriattniy  when 
to  the  great  amusement  and  delight  of  the  section,  the  fish  previously 
mdicated,  and  the  Cuttle-fish  with  its  dried  ink-bag  well  preserved, 
were  duly  discovered  and  exhibited.  Numbers  of  fossil  fishes  and 
perfect  specimens  of  Ichthyosauri  and  Teleosauri  were  also  exhibited, 
all  collected  by  Mr.  Moore  himself. 

Mr.  Moore's  contributions  to  science  are  very  numerous,  they 

^  See  Geol.  Mao.  18G4,  p.  235. 
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amount  to  over  thirty  memoirs,  most  of  wbioh  are  to  be  found  in 
the  Quarter!}'  Journal  of  the  GeolojipGal  Society,  the  Annual  Volames 
of  Reports  of  the  British  Association,  the  Transactions  of  the  Bath 
Literary  and  Philosophical  Association,  and  other  local  Societies  of 
which  he  was  a  member,  and  in  the  volumes  of  the  Gsol.  Mao. 

But  the  chief  memorial  of  his  life-lonf^  labours  is  to  be  seen  in 
that  charming  Museum  of  the  fossils  of  his  native  oounty,  arranged 
and  preserved  with  so  much  care  by  Mr.  Moore*s  own  hands,  in  the 
Literary  Institution  at  Bath. 

Much  as  its  treasures  may  be  coveted  by  English  and  foreign 
savans,  it  is  to  be  hoped  that  his  fellow-townsmen  will  readily  sub- 
scribe more  than  its  estimated  value  (whatever  that  may  be),  in  order 
to  enjoy  the  gratification  of  seeing  still  in  their  midst  one  of  the  most 
beautiful  and  interesting  local  collections  to  be  found  in  all  England. 

It  is  to  be  regretted  that  Mr.  Moore's  unexpected  death  has 
prevented  our  gaining  a  fuller  knowledge  of  the  early  years  of  this 
eminently  hard-working  geologist.  In  his  life-time  he  did  much  to 
induce  others  to  take  up  the  science,  and  he  was  himself  a  bright 
example  of  what  may  be  accomplished  with  quite  ordinary  oppor- 
tunities for  Relf-improvement,  with  delicate  health,  a  very  small  in- 
come, but  indomitable  energy  and  an  earnest  love  of  science. — H.W. 


EDWARD  WILLIAM    BINNEY,    F.R.S.,    F.G.S. 

BoHN  1812  ;    Died  1881. 

Was  born  at  Morton,  in  Nottinghamshire,  in  1812,  and  died  in 
Manchester,  on  the  19th  of  December,  1881.  He  was  articled  to  a 
solicitor  in  Chesterfield,  and  after  spending  a  short  time  in  London, 
finally  settled  in  Manchester  in  1836.  He  was  a  tall,  strong,  and 
robust  man,  fond  of  science  for  its  own  sake,  and  seemed  to  have 
been  formed  by  nature  for  a  naturalist  and  geologist.  About  two 
years  after  his  residence  here,  he,  with  a  few  other  scientific  friends, 
founded  the  Manchester  Geological  Society — the  late  Lord  Francis 
Egorton,  M.P.,  F.G.S.,  being  the  first  President,  and  Messrs.  E.  W. 
Binney  and  J.  F.  Bateman,  the  first  Hon.  Secretaries.  He  after- 
wards occupied  the  President's  Chair  in  1857-59,  again  in  1865-67, 
and  on  the  25th  of  October,  1881,  was  chairman  at  the  last  Council 
Meeting  of  the  Society.  Mr.  Binney  was  elected  a  Fellow  of  the  Royal 
Society  in  1S56»  and  of  the  Ltmdon  Geological  Society  in  1853,  and 
at  the  time  of  his  death  was  President  of  the  Literary  and  Philo- 
sophical Society  of  Manchester.  Mr.  Binney's  industry  is  evidenced 
by  the  number  of  his  scientific  papers  and  notes,  of  which  about 
100  have  been  read  or  printed.  They  include  reports  and  contribu- 
tions to  the  various  Geological  Societies,  British  Association,  Philo- 
sophical Magazine,  etc.  For  the  Pala^ntographical  Society,  of 
which  he  was  a  Vice-President,  he  contributed  a  monograph  on  the 
"  Structure  of  Fossil  Plants  found  in  the  Carboniferous  Strata,"  of 
which  four  parts  were  issued  between  the  years  1868  and  1875  ;  the 
text  for  its  completion  is  in  a  forward  state,  and  it  is  expected  will 
shortly  be  published. — J.  E.  F. 
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L^On  thc  Headon  Beds  of  the  Western  Extremity  of  the 

Isle  of  Wight. 

Bj  A.  H.  S.  Lucas,  M.A.  Oxon,  B.Sc.,  F.6.S. 

THE  recent  answer^  to  the  reoent  questioning'  of  the  hitherto 
accepted  correlations  of  the  beds  of  the  Lower  Fluvio-Marine 
Tertiaries  in  the  Isle  of  Wight  and  South  Hants  does  not  seem  to  be 
Qoiversaliy  accepted  as  decisive.  It  is  obviously  impossible  for 
foreign  geologists  to  institute  useful  comparisons  between  British 
and  foreign  subdivisions  so  long  as  we  in  England  are  quite  at 
Tariance  on  the  stratigraphical  and  palseontological  facts  of  the  beds 
in  qaestion.  Yet  these  conflicting  readings  are  what  we  have  to 
offer  them  at  present 

There  has  been  no  lack  of  able  workers  on  the  ground.  The  suc- 
cession proposed  by  Forbes,  and  elaborated  by  Bristow,  agreed  and 
in  no  way  conflicted  with  the  previous  stratigraphical  results  of  such 
observers  as  Prestwich  and  Wright.  Lastly,  we  have  the  elaborate 
defence  of  the  Survey  views  in  the  memoir  of  Messrs.  Keeping  and 
Tawney,  comprising  a  meiss  of  evidence  as  to  both  the  order  of  the 
strata  and  the  distribution  of  life-forms,  evidence  peculiarly  valuable 
because  of  a  kind  not  easily  obtained,  viz.  that  derived  from  years  of 
continuous  observation  of  these  ever-changing  clifif- fronts. 

The  general  relations  of  the  whole  group  can  only  be  satisfactorily 
determined  after  the  primary  question  of  the  continuity  or  discon- 
tinuity of  the  Colwell  Bay  and  Headon  Hill  beds  is  settled.  So  far 
tbere  were  two  very  definite  views — with  a  perfectly  distinct  issue,  that 
the  brackish-marine  beds  of  Colwell  Bay  correspond  to  the  brackish- 
marine  beds  of  Headon  Hill  which  have  been  seen,  or  that  they  cor- 
respond to  some  higlier  marine  beds  which  have  not  been  seen  ;  and 
the  arguments  for  each  view  were  fairly  before  geologists.  But,  in 
a  paper  recently  published,'  Prof.  Blake  has  advanced  an  entirely 
new  correlation,  and  adduces  stratigraphical  evidence  in  its  favour. 
The  observations  there  recorded  do  not  agree  in  some  critical  cases 
with  those  of  Messrs.  Keeping  and  Tawney,  though  still  less  so  with 
those  of  Prof.  Judd.  There  seems  therefore  a  danger  that  the  facts 
and  lines  of  argument  may  again  be  confused.  The  following 
remarks  are  offered  in  the  hope  of  contributing  to  recall  attention  to 

>  Q.  J.  G.  8.  Tol.  xxxvii.  p.  85.  »  Q.  J.  G.  S.  vol.  xixvi.  p.  137. 

'  Proceedingf  Geol.  Amoc.  vol.  vii.  p.  151. 
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the  certified  facts.  They  are  based  on  notes  and  recollections  of  five 
days  spent  in  working  the  clififs  at  the  beginning  of  last  year.  I  had 
read  Forbes's  memoir  and  Prof.  Judd's  paper,  but  had  not  seen 
Messrs.  Keeping  and  Tawney's  paper,  but  was  independently  brought 
to  the  same  conviction  as  they  as  to  the  accuracy  of  the  Survey  read- 
ing. No  attempt  will  be  made  to  consider  the  relation  of  these  beds 
to  the  deposits  exposed  at  Hordwell,  Brockenhurst,  or  White  Cliff 
Bay,  as  it  is  especially  desirable  to  concentrate  attention  first  on  the 
determination  of  the  identity  or  distinctness  of  these  adjacent  beds 
in  the  west  end  of  the  Isle  of  Wight 

One  difficulty  in  reading  the  sections  in  Headon  Hill  arises  from 
the  constant  denudation  of  the  yielding  materials  of  the  strata,  whidi 
pour  down  in  taluses  and  obscure  the  lower  beds.  Only  vertiaU  cliff- 
faces  are  at  all  reliable.  And  it  is  quite  impossible,  from  this  cause, 
at  any  one  time,  for  any  one  not  perfectly  familiar  with  the  exact 
locale  of  the  smaller  subdivisions  to  trace  out  the  complete  sequence. 
The  standard  sections  are  the  result  of  a  synthesis  of  separate  obser- 
vations, now  one  series  of  smaller  beds  appearing  in  situ,  and  now 
another,  till  by  a  combination  of  results  the  whole  section  is  com- 
pleted. The  only  way  in  which  a  passing  observer  can  verify  the 
standard  sections  is  to  note  whether  the  part  of  the  cliff  exposed  at 
the  time  is  in  accurate  correspondence  with  the  scone  part  of  ihe 
section.  During  our  stay,  for  instance  (Jan.  4:-9,  1881),  the  marine 
series  were  well  shown  at  the  S.W.  comer  of  the  Hill,  while  at  the 
N.E.  only  the  upper  portion  was  seen,  the  white  Ceritkium  band 
standing  out  conspicuously,  at  the  height  of  110  feet  above  the  sea, 
in  a  clean  vertical  face,  from  which  a  former  front  had  slipped  down 
in  a  talus  right  on  to  the  Lower  Headon  Limestone,  bringing  the 
beds  quite  away  from  their  proper  position. 

Another  difficulty  in  making  out  the  arrangement  of  these  beds 
is  the  normal  variability  in  thickness  and  character  of  fresh-water 
beds,  and  especially  of  Limestones,  when  pursued  horizontally. 
It  behoves  section-makers  to  state  with  the  utmost  exactitude  the 
spots  at  which  their  sections  are  taken.  The  Osborne  Limestone, 
18  ft.  thick  at  Heatherwood  Point,  notoriously  thins  out  to  the  E., 
and  is  wanting  altogether  under  the  cottage.  As  noted  by  Forbes 
in  a  wood-cut  (Memoir,  p.  132),  one  of  the  Limestones  in  his  time 
could  be  seen  at  one  spot  to  increase  quite  suddenly  owing  to  a  basal 
thickening.  The  thickness  of  the  Oreat  Limestone  of  Headon  Hill 
varies  very  greatly  in  the  hill  itself,  as  is  well  pointed  out  by  Prof. 
Blake  "at  the  expense  of  the  sand"  beneath.  Such  lenticular 
masses  can  hardly  be  strictly  correlated  with  other  beds  in  adjacent 
areas  after  they  have  thinned  out.  But  the  more  extensive  beds  in 
which  they  are  intercalated  can  very  often  be  directly  associated 
with  lateral  extensions,  and  thus  the  place  of  the  Limestone  be 
fixed.  Thus  the  Osborne  Limestone  is  included  in  distinctive 
clays  and  mottled  marls,  and  these  are  found  to  thicken  corre- 
spondingly when  the  Limestone  thins  out.  The  age  of  the  Lime- 
stone is  thus  at  once  determined.  When  the  Limestone  bands 
are  continuous,  they  are,  of  course,  of  the  very  greatest  service 
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itratigraphioallyy  beoaase  they  are  oonspioaons  and  resist  denudation 
better  than  the  associated  sands  and  marls.  Thus  the  great  Headon 
Limestone  from  its  lenticular  contour  cannot  serve  as  a  well-defined 
horizon  save  in  the  hill  itself,  where  it  is  continuous.  In  Colwell 
Bay,  if  we  recognize  its  coincidence  with  the  1ft.  4in.  bu£f  lAmnea 
Limestone,  we  must  do  so  from  the  correspondences  of  superior  and 
inferior  beds;  for  this  Colwell  Bay  Limestone  might  be  another 
similar  iuteroalation. 

We  think  the  stratigraphical  evidence  alone  yields  very  clear 
xesolts.  la  Headon  Hill  we  can  obtain  a  standard  section  reaching 
from  the  top  of  undoubted  Headon  Hill  Sands  to  the  base  of  un- 
doubted Bembridge  Limestone.  Such  a  standard  section  is  deduced 
bjr  oombioing  vertical  sections  made  at  various  points  in  the  Hill. 
There  is  no  break  in  the  strata.  The  vertical  section  of  the  Survey 
near  Heatherwood  Point  includes  the  Bembridge  Limestone,  the 
Osborne  Maris,  the  Osborne  Limestone,  the  Great  Upper  Headon 
Limestone*  the  brackish-marine,  and  the  Lower  Headon  Limestone 
with  a  few  beds  below.  It  practically  agrees  with  that  of  Prof. 
Blake  taken  about  the  middle  of  the  W.  face  of  the  HilL  Near 
the  S.W.  corner,  again,  a  vertical  section  includes  the  Osborne 
Limestone,  the  Great  Limestone,  the  brackish-marine,  the  Lower 
Headon  Limestone,  and  the  Headon  Hill  Sands.  As  no  vertical 
section  at  this  point  has  been  published,  though  details  obtained 
from  it  are  implied  in  the  horizontal  section  D  of  the  Survey, 
we  give  a  few  measurements  of  the  height  above  sea-level  of  critical 
points,  that  of  the  Sands  fixing  the  spot  at  which  the  section  was 
observed,  somewhat  to  the  N.  of  Alum  Bay  Chine. 

Top  of  Headon  Hill  Sands 24*  ft. 

Base  of  Lower  Headon  Limestone  (6ft.  tldck) 106*  ft. 

Base  of*Great  Planorbis  Limestone     144A  ft. 

Base  of  Osbome  Limestone 184|  ft. 

The  Lower  Headon  Beds  were  so  obscured  by  the ''  mud  glaciers  " 
that  we  did  not  venture  on  a  detailed  record.  Of  the  brackish-marine 
we  preserved  the  following  memorandum.  Below  the  freshwater 
Sands  beneath  the  Great  Limestone  we  found,  as  we  worked  down, 

**  Blue  clay  with  Cerithia  {conearum  and  ventricotum)  4ft.  6in. 

FemifrinouB  Sand    2ft.  Sin. 

Blue  clay 7ft.  Sin. 

An  oyster  bed 2ft.  6in. 

Blue  clay  with  C.  eoneavum    8ft. 

Brown  clay  with  Lignite    1ft.  3in. 

A  zone  of  Cyrena  obovata    1ft. 

Ferruginous  Sands  1ft. 

A  zone  of  Cyretia  obovata   1ft. 

Lignite 3  or  4  in. 

Blue  clay 2ft." 

We  found  fragments  of  Cytherea  incrassata  in  the  clays  of  the  middle 
zones,  which  with  Fusus  labiatuSf  Ostraa  velata,  Nattca  depressa,  etc., 
marked  ofif  a  larger  marine  series  below  from  a  smaller  brackish 
series  with  the  Cerithia,  etc.,  above.  We  have  no  record  of  fossils 
in  our  note  from  the  lowest  clay,  while  the  Lignite  and  Cyrena  beds 
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above  it  show  a  similar  but  reverse  transition  from  fresh-water  to 
marine  conditions. 

Near  the  N.E.  angle  of  Headon  Hill  we  have  another  very  definite 
section,  whioh  can  be  verified  more  or  less  at  any  time,  directly 
under  the  cottage.  This  has  been  fully  done  by  Messrs.  Keeping 
and  Tawney,*  the  former  of  whom  lived  for  many  years  in  the 
neighbourhood.  We  made  some  measurements  which  entirely  con- 
firm their  observations,  though  we  had  not  seen  their  section  at  the 
time.  We  found  the  Bembridge  Limestone  reaching  21  ft.  below 
the  base  line  of  the  cottage,  and  traced  the  red  and  green  mottled 
Osborne  marls  some  19  ft.  below  the  limestone  in  the  vertical  cliff, 
and  they  gave  no  evidence  of  coming  to  an  end.  The  "  Brocken- 
hurst "  beds  should  be  about  here  according  to  Prof.  Judd's  section,' 
but  we  could  see  nothing  of  them.  The  Great  Limestone  rested  on 
a  deficiency  of  sands  here.  The  upper  brackish  beds  of  the  Middle 
series  were  alone  exposed  in  situ,  as  mentioned  above,  at  a  height 
of  110  ft.  above  sea- level.  The  marine  beds  had  slipped  down,  and 
we  obtained  many  of  the  typical  shells  on  the  slopes  just  above  the 
Lower  Headon  Limestone,  where  Prof.  Blake  describes  them  as 
in  situ.  We  did  not  even  venture  on  measuring  the  height  of  the 
Lower  Limestone,  as  it  seemed  to  us  uncertain  whether  it  was 
exactly  in  position,  or  whether  portions  had  advanced  en  masse  in 
a  roll  seawards.  This  certainly  confirms  the  Rev.  0.  Fisher's  sug- 
gestion as  to  the  cause  of  a  previous  erroneous  interpretation.  Putting 
together  then  these  four  vertical  Headon  Hill  sections,  we  have  a 
very  clear  succession  of  strata.  The  one  bed  which  thins  out  in  the 
Hill  is  the  Osborne  Limestone.     The  rest  are  continuous. 

The  extensive  denudation  N.  of  Widdick  Chine,  and  the  gentle 
dip  of  the  strata,  forbid  any  further  comprehensive  vertical  sections 
at  particular  spots.  The  next  step  is  to  tabulate  the^beds,  on  their 
successive  emergence  above  sea-level  as  we  proceed  N.  to  Cliff  End. 
The  beds  claimed  as  Headon  have  been  measured  carefully  by  Dr. 
Wright,  and  by  Messrs.  Keeping  and  Tawney,  and  the  Osborne  beds 
by  Edward  Forbes,  and  the  main  divisions  are  so  conspicuous  even 
as  one  walks  over  the  ground,  that  about  the  succession  here  there 
can  be  no  dispute.  Then  there  comes  the  question  as  to  how  far 
the  succession  in  the  standard  Colwell-Totlnnd  Bays  section  tallies 
with  that  of  the  standard  Headon  Hill  section.  The  upper  limit 
to  both,  the  Bembridge  Limestone,  is  most  useful  as  restricting 
possibilities  to  accessible  ground  in  both  cases.  It  is  universally 
admitted  as  occurring  at  the  top  of  both  sections.  The  Osborne  series 
of  the  two  localities  are  tabulated  successively  by  Forbes  (Mem.  p. 
78  and  p.  81),  and  the  general  agreement  (minus  at  Cliff  End  the 
limestone  of  Heatherwood  Point)  is  evident.  These  Osborne  marls 
may  still  be  seen  under  the  grass  behind  the  cliff  immediately  S. 
of  the  Battery,  as  we  found  by  a  little  digging.  That  the  series  was 
an  unprofitable  one  we  had  keenly  felt  in  Museums,  with  its  ill- 
preserved  and  poorly  characteristic  fauna,  but  its  great  use  as  a 

^  Q.J.G.S.  vol.  xxxTli.  pp.  88,  aeq.  *  Q.J.G.S.  toI.  xzxtI.  pi.  rii.  ^g,  2. 
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conspicaonSy  well-developed,  and  easily  recognized 'niei^iber  of  the 
iresh-water  series  was  brought  home  to  us  in  the  field. 

The  next  beds  to  compare  are  those  between  \\iM^  admitted 
Osborne  marls  and  the  brackish-marine  series  of  CoIw'qII  "Bay,  and 
those  between  the  similar  mottled  marls  and  a  «tmt7ay"  l)rackish- 
marine  series  in  Headon  Hill.  Messrs.  Keeping  and  Tawnoy  give 
details  of  both  localities.  We  have  also  Dr.  Wright's  se^iqir  of 
Colwell  Bay,  and  Prof.  Blake's  lithological  notes  on  both  loctQiti^s. 
There  is  practical  agreement  as  to  the  facts  of  the  succession  iir'^ll 
published  observations.  Both  series  begin  above  with  a  thickness 
of  12  to  15  ft  of  clays  with  Potamomya  gregaria  and  PcUudina  lenta,^  ' 
which  are  beautifully  preserved.  Below  the  Potamomya  clays  in  ^ 
Colwell  Bay  we  have  a  band  of  ferruginous  sand  rock  and  under- 
lying sands,  not  exceeding  3  ft.,  then  a  band  of  limestone  ''  1  ft  6in.," 
overlying  12  ft.  of  clays,  which  again  rest  on  some  15  ft.  of  sands. 
Below  the  Potamomya  clays  in  Headon  Hill  we  have  the  Great 
Limestone  20  to  80  ft  thick,  usually  resting  on  sands  of  variable 
thickness,  6  to  1 2  ft.,  though  separated  in  places  by  a  foot  of  green 
clay.  In  both  we  have  an  aggregate  of  nearly  50  ft  of  strata — a 
great  thickness  of  fresh- water  clays  above,  and  a  good  thickness  of 
fresh-water  sands  below.  With  the  example  of  the  Osborne  Lime- 
stone so  close  at  hand,  it  seems  not  unnatural  to  conclude  that  the 
Great  Limestone  (the  singular  factor  in  the  correlation)  thinned 
out  speedily  to  the  N.,  the  clay  and  sands  beneath  increasing 
correspondingly.  We  must  point  out  that  Prof.  Blake,  in  arguing 
otherwise,  comes  to  contradictory  conclusions,  first  stating^  that 
"  the  Cerithium  and  Oyster  beds  of  Colwell  Bay  occupy  the  place  of 
ferruginous  sands  below  the  Headon  Hill  Limestone,"  and,  finally,' 
tliat  the  "  Headon  Hill  Limestone  becomes  the  fresh -water  repre- 
sentative of  part  of  the  marine  Brockenhurst "  (i.e.  Colwell  Bay) 
'*  series,  and  thus  becomes  doubly  anomalous,^'  The  italics  are  ours. 
A  limestone  intercalation  over  a  limited  area  in  an  estuary  is  a 
recognized  vera  causa,  but  a  depression  in  the  N.,  which  admits 
the  sea  over  that  part  of  the  area,  while  24  ft.  of  fresh- water  lime- 
Btone  are  being  formed  within  half  a  mile  in  the  shallows  of  the 
S. — where  the  sea  too  had  had  access  not  long  before — is  almost 
inconceivable. 

The  two  "  Upper  Headon  "  Series  occur  in  localities  situated  at 
a  distance  of  about  a  mile  and  a  half.  But  the  two  brackish-marine 
series  approach  within  half  a  mile.  It  is  no  longer  a  comparison  of 
Colwell  Bay  and  Headon  Hill,  but  of  the  northern  and  southern 
boundaries  of  Totland  Bay.  For  the  brackish-marine  of  Colwell 
Bay  can  without  a  shadow  of  doubt  be  followed  by  the  eye  continu- 
ing into  that  of  Warden  Point  and  Warden  Cliff,  cropping  out  on 
the  top  of  the  cliff  just  N.  of  Weston  Chine.  ITie  question  then 
narrows  to  this.  Does  the  Totland  brackish-marine  of  Warden  • 
Cliff  agree  in  detail  with  that  of  Headon  Hill  just  opposite  so 
closely  that  we  must  suppose  them  to  have  been  continuous  ?  For  if 
so,  then  the  Colwell  Bay  brackish-marine,  continuous  with  that  of 
1  op.  eit,  p.  167.  »  op.  cit.  p.  1^0. 
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the  Warden  .Qiff/  must  have  been  of  the  same  age  with  that  of 

Headon  HUI>  l)^  the  least  equiyooal  of  all  geological  tests,  continuity 

of  strata.^  '.IjEossrs.  Keeping  and  Tawney  assert  that  the  sequence  is 

identical:  Im,  'Warden  Cliff  and  the  N.E.  comer  of  Headon  HilL 

The .  thic&hess  they  obtain  for  the  series — with  a  definite  C.  ventri- 

coauni 'hand  above  and  a  definite  fresh- water  limestone  below  in  both 

casp^r^ii  in  the  N.  34^  ft,  in  the  8.  31  ft.  9  in.  to  33  ft     And  they 

st^^inoreover,  that  the  lithological  and  palsBontological  details  of 

.-It^cTe  two  near  sections  were  so  far  identical  that  repetition  was 

. .  ^  useless.   Owing  to  the  state  of  the  Headon  Hill  beds  above  mentioned 

.  '^Vluring  our  stay,  we  cannot  offer  any  fresh  evidence  on  this  point, 

^  './/though  we  found  the  general  succession  at  Wwden  Point  much  like 

,  \   '•    that  of  the  S.W.  of  Headon  Hill,  with  Ostrcea  velata  most  abundant 

in  a  middle  zone.     We  took  the  height  above  the  sea  of  this  oyster 

band  at  four  points. 

T^*i««^  >.«.»v;.i«  ».».j«^    f  ^t  Warden  Point  under  the  fort 65  ft. 

Totland  brackish-manne    |  j^  the  lirickyard  near  Totland  Hotel   ....       70  ft. 

Ti««^^«  T.«.«Wok  «,«•:««    I  Below  the  cottage  at  N.E.  comer 94  ft. 

Headon  brackish-manne    (  n.  of  Alum  Bi^at  S.W.  comer 128  ft. 

These  measurements  are  strongly  in  favour  of  the  continuity  of 
the  series,  for  the  anticlinal  is  grossly  exaggerated  in  Forbes's 
diagram. 

The  correspondences  continue  as  we  proceed  downwards.  Prof. 
Blake  admits  fully  that  the  How  Ledge  Limestone  was  continuous 
with  that  at  the  top  of  the  Lower  Headon  in  Headon  Hill.  They 
agree  in  thickness,  in  appearance,  with  abundance  of  lAtnnea  and 
scarcity  of  Planorbis,  The  How  Ledge  Limestone  is  continuous 
from  the  Ledge  nearly  to  Weston  Ohine ;  the  Lower  Headon  Lime- 
stone is  continuous  throughout  the  Hill ;  there  is  but  this  hiatus  for 
half  a  mile  caused  by  palpable  denudation.  As  to  the  beds  below 
this  Limestone,  there  is  no  discrepancy  in  published  evidence.  Prof. 
Blake  admits  that  the  succession  at  Headon  Hill  (noted  at  some 
point  on  the  W.  face)  '*  is  perfectly  in  accordance  with  that  at 
Totland  Bay."  *  The  details  of  Headon  Hill  agree  essentially  with 
the  full  section  of  the  Totland  Bay  strata  between  Warden  Point 
and  Weston  Chine,  published  by  Messrs  Keeping  and  Tawney.* 

It  may  be  said  then,  in  support  of  the  Survey  view,  that  we 
traverse  the  same  succession  of  strata  as  we  climb  Headon  Hill  from 
the  shore,  and  as  we  walk  from  Widdick  Chine  to  Cliff  End,  that 
there  is  no  break  or  unconformity  in  either  series,  that  where  the 
beds  of  the  two  series  are  adjacent,  certain  are  practically  identical, 
iand  that  divergences  in  what  are  claimed  as  corresponding  beds  are 
found  when  they  are  compared  at  greater  distances,  that  the  con- 
spicuous Bembridge  Limestone  and  Osborne  Marls  cap  both  series 
above,  and  that  the  correspondences  both  in  general  order  and  in 
.  detail,  are  such  as  to  bring  possible  errors  of  correlation  between 
very  narrow  limits. 

We  now  turn  to  the  pal  aeon  tological  evidence  of  the  brackish- 
marine  strata.  Such  evidence  is  naturally  not  considered  by  Prof. 
*  Proc.  Geol.  Assoc,  vol.  vii.  p.  168.  *  cp,  eit.  p.  9S. 
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Blake,  although  it  is  decisivei^  as  it  is  impossible,  until  long 
acqaaintanoe  with  the  ground  makes  the  exact  position  of  the 
smaller  zones  on  all  parts  of  the  coast  familiar,  to  make  anything 
like  an  exhaustive  collection.  We  cannot  adduce  lists  of  the  com- 
pleteness of  those  of  Messrs.  Keeping  and  Tawney,'  although  we 
spent  muoh  time  and  pains  to  find  as  many  forms  as  might  be,  but 
in  some  particulars  our  evidence  is  in  positive  confirmation  of  their 
observations.  There  are  three  lines  of  argument  adopted  by  the 
authors  at  issue  in  correlating  or  separating  these  two  brackish- 
marine  series.  First,  there  is  a  comparison  of  the  life-zones  of  the 
two  series.  It  is  claimed  by  the  defenders  of  the  Survey  that  in 
both  are  five  beds,  characterized  in  descending  order  by  certain 
lithological  characters  and  respective  predominance  of  Cerithium 
ventricosum.  Sow. ;  Oatrcpa  velata.  Wood ;  Cytherea  incrassata, 
Sow. ;  TrigonocmUa  deltoidea,  Lam. ;  and  Nerittna  concava,  Sow. 
We  have  noted  in  our  own  section  the  brackish  forms  above  and 
below,  and  the  distinct  oyster-bed  about  the  middle.  Dr.  Wright 
also  notices  the  Nerittna  bed.  Secondly,  the  aggregate  of  forms 
found  at  Colwell  Bay  is  compared  with  the  aggregate  of  forms  at 
Headon  Hill.  Messrs.  Keeping  and  Tawney*s  lists  of  the  commoner 
fossils  give  55  forms  from  the  former,  and  54  from  the  latter,  and  51 
occur  in  both.  We  found,  in  addition,  Cerithium  duplex  (Sow.)  in 
both  localities,  which  gives  out  of  55  commoner  species  52  occur- 
ring in  both  series.  In  the  complete  fauna  as  known  Dec.  1880, 
Messrs.  Keeping  and  Tawney,  after  a  careful  re-examination  of  the 
Edwards  Ck)llection,  reckon  74  per  cent,  of  the  Colwell  Bay  marine 
species  as  having  been  found  at  Headon  Hill.  This  may  point  to 
more  purely  marine  conditions  in  the  N.,  agreeing  with  the  presence 
of  the  coral  fauna  at  Brockenhurst,  as  already  admitted  by  Dr. 
Duncan,'  who  quotes  other  evidence  as  to  the  identity  of  fossils 
at  Colwell  Bay  and  Headon  Hill.  Thirdly,  the  different  distribu- 
tion of  the  two  Ceriihia  (C,  ventricosum  and  C,  concavnm)  is  made  a 
crucial  point.  We  found  both  species  in  the  Colwell  Bay  beds,  as 
did  Messrs.  Keeping  and  Tawney.  Our  specimens  of  C,  concavuni 
occurred  a  little  below  the  oyster-bed,  between  Colwell  Chine  and 
Warden  Point,  a  position  in  which  the  shell  was  noted  by  us  N.  of 
Alum  Bay  Chine.  They  found  them  in  "  the  richest  portion  of  the 
Venus-bed."     Its  absence  from  Colwell  Bay  is  therefore  disproved. 

Tlie  result  of  our  observations,  then,  is  to  convince  us  that  on 
many  crucial  points  the  older  views  are  correct,  and  that  the 
brackish-marine  of  Colwell  and  Totland  Bays  cannot  be  continuous 
with  supposed  marine  beds  above  the  Great  Limestone,  nor  with  the 
Great  Limestone  itself,  nor  with  the  fresh-water  sands  (containing 
Unio  Solandri,  Paludina,  etc.)  below  the  Limestone,  but  corresponds 
in  position,  lithology,  and  fossil  contents,  with  the  brackish-marine 
of  Headon  Hill,  and  that  it  is  restricted  to  this  correspondence 
nioreover  by  the  parallel  correspondences  of  the  beds  below  and 
above  it. 

1  op.  eit.  p.  156,  note.  '  op.  cit.  p.  106. 

s  jjuncan,  Mon.  Pal.  Soc  pt.  1,  p.  40. 
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II. — Notice    of    a    Ptkbaspidean    Cbphalio    Plate    from    thi 
Devonian  Beds  of  Gerolstein  in  the  Eifel. 

By  JoHK  Edwabd  Lbb,  F.S.A.,  F.G.S. 

(PLATE  III.) 

LAST  Autumn,  on  our  way  to  St.  Cassian  and  the  Dolomites, 
we  remained  for  two  or  three  days  in  the  EifeL  The  little 
town  of  Gerolstein  is  well  known  to  all  geologists.  Mr.  Winter, 
one  of  the  inhabitants,  who  pays  considerable  attention  to  the  natural 
history  of  the  place,  was  kind  enough  to  present  me  with  a  nodule 
which,  though  apparently  it  is  very  insignificant,  yet,  on  further 
examination,  seems  of  great  interest ;  it  contains,  in  fact,  part  of  the 
scale  of  a  Pteraspidean.  Any  one  who  has  worked  amongst  the  Old 
Bed  Sandstone  fishes  pf  Monmouthshire  and  Herefordshire  will  at 
once  recognize  many  of  the  characteristics  of  the  Pteraspidean  scales. 

There  are,  however,  some  peculiarities  in  the  scale  found  in  this 
apparently  insignificant  specimen,  which  are  probably  worth  placing 
on  record  until  better  specimens  are  found,  which  should  at  once  be 
placed  in  the  hands  of  an  expert ;  there  may  possibly  be  characters 
sufficiently  different  from  the  usuid  structure  to  form  a  new  genus. 

It  is  well  known  that  the  scute  or  dorsal  plate  of  the  Pteras- 
pideans,  as  yet  known,  is  composed  of  three  layers ;  the  lower  one 
is  called  by  Professors  Huxley  and  Lankester  the  nacreous  layer ;  it 
does  not  show  much  organization  under  the  microscope,  but  still  a 
few  vessels  may  be  distinctly  seen  passing  through  it.  Above  this 
is  what  may  be  called  a  layer  of  '*  honeycomb  "  structure,  the  walls 
of  which,  when  highly  magnified,  are  found  to  be  composed  of  a  large 
number  of  very  thin  plates.  This  character  is  very  well  seen  in 
sections  from  the  Monmouthshire  Pteraspideans.  A  small  portion  of 
one  is  given  (Plate  III.  Fig.  1).  The  Looe  and  Polperro  specimens 
{Scaphaspis)  are  very  nearly  the  same,  but  the  structure  of  the  walls 
is  not  so  apparent;  probably  this  difference  is  caused  by  greater 
mineralization.  Fig.  2  is  part  of  a  sketch  of  one  of  these  sections 
from  Polperro.  These  two  sections  are  merely  explanatoi-y  of  the 
normal  structure  of  the  middle  or  honeycomb  layer.  The  upper,  or 
what  has  hitherto  been  considei^ed  the  outer,  layer  is  black  in  colour, 
and  made  up  chiefly  of  parallel  lines,  almost  exactly  like  those  of 
the  corrugated  sheet  iron  roofs  now  in  common  use.  Fig.  3  will 
give  an  idea  of  a  small  portion  of  this  coat  from  a  specimen  from 
Polperro. 

In  the  specimen  under  consideration  from  the  Eifel  (Plate  III. 
Figs.  4  and  6)  there  appear  to  be  some  peculiarities.  In  the  first 
place,  the  nacreous  layer  seems  to  be  absent,  and  though,  as  has  been 
observed  by  a  leading  paleontologist,  this  may  be  accounted  for  by 
supposing  that  it  has  perished,  there  is  still  a  gi*eater  peculiarity 
which  can  hardly  be  explained  in  this  manner ;  for  apparently  the 
black  corrugated  portion  is  not  on  the  outside,  but  (at  least  in  one 
instance)  lies  between  two  of  the  honeycomb  layers.  Fig.  6  is  a 
side-view,  and  Fig.  7  is  a  much  magnified  view  of  what  appears  to 
show  that  in  this  Eifel  scale  there  are  two  if  not  three  **  honey- 
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oomb''  layers  separated  by  blaok  lined  layers.  It  will  be  seen  tliat 
though  in  almost  every  case  the  black  corrugated  layer  has  dis- 
appeared, yet  it  has  left  its  marks  upon  the  suiface  of  the  corrugated 
kyer.  My  friend  Mr.  Pengelly,  who,  in  fact,  knows  more  of  the 
Polperro  Pteraspideane  than  any  one  else,  before  he  saw  the  speci- 
men, suggested  that  the  repetition  of  the  honeycomb  layer  might 
possibly  be  accounted  for  by  one  scale  having  been  washed  into 
another,  so  that,  in  fact,  the  specimen  consisted  of  two  scales  instead 
of  one  ;  but,  if  so,  what  has  become  of  the  nacreous  layer  ?  and 
in  fact,  a  careful  examination  of  the  portion  drawn  will  probably 
convince  the  observer  that  it  consists  of  one  and  not  of  two  scales. 
It  may  possibly  be  said  that  the  scale  has  been  broken  up  and  one 
part  as  it  were  faulted  up  and  pushed  over  another  part ;  but  though 
there  may  be  some  probability  in  this  explanation,  yet  it  seems  to 
me  that,  after  a  careful  examination  of  the  specimen,  this  idea  will 
be  abandoned.  Figs.  4  and  5  give  a  sketch  of  the  general 
appearance  of  the  two  sides  of  the  nodule. 

It  may  be  an  abortive  or  "  monster  "  scale,  and  so  not  entitled  to 
much  consideration ;  but  still  it  is  as  well  to  place  such  abnormal 
structares  on  record. 

As  the  specimen  under  consideration  is  the  only  one  as  yet  dis- 
covered at  Gerolstein,  it  has  not  been  thought  desirable  to  deteriorate 
it  by  repeated  attempts  to  make  a  section  of  the  "  honeycomb  "  struc- 
ture. It  may  be  well  to  mention  that  on  account  of  the  tendency 
of  this  structure  to  disintegrate  under  the  operation  of  grinding,  it 
is  extremely  difficult  to  obtain  microscopic  sections  of  it.  The 
section  of  which  a  portion  is  drawn,  Fig.  1,  was  only  obtained  after 
fully  twenty  failures.  Not  more  than  three  or  four  were  attempted 
from  this  Eifel  nodule,  and  the  thing  was  then  abandoned,  lest  the 
specimen  should  be  spoiled,  which  probably  would  have  been  the 
case,  had  a  larger  number  of  sections  been  tried. 

XoTK. — Since  writing  the  above,  Mr.  Pengelly  has  kindly  allowed 
roe  to  see  his  splendid  specimen  from  Looe.  My  first  impression 
was  that  of  extreme  regret  that  there  is  no  published  drawing  of 
such  a  beautiful  specimen,  and  I  must  confess  that  Mr.  Pengelly's 
explanation  of  the  repeated  '* honeycomb"  layers  seems  perfectly 
correct  as  far  aa  his  specimen  is  concerned,  for  there  is  not  only  a 
very  thin  layer  of  slate  between  these  layers,  but  in  one  place  there 
is  also  the  indication,  if  not  more,  of  the  nacreous  layer ;  but  the  case 
seems  very  dififerent  in  the  Gerolstein  specimen,  as  neither  the 
separating  slate  nor  the  nacreous  layer  seems  at  all  visible  in  it.— 
J.  E.  L. 

EXPLANATION  OF  PLATE  III. 

Fio.  1.  Highly  magnified  section  of  Scaphaspis  (Ptfraspis)  Lewi»H,  Old  Red 

Sandstone,  Maindec,  Monmouthshire,  showing  honeycomb  stracture. 

Magnified  20  times. 
„     2.  A    similar    section   of   SeaphnspU  eomubieusy    Devonian,    Polperro, 

Cornwall.    Magnified  6  times. 
,,     3.  Magnified  view  of   the   corrugated  surface  layer  of   Se.  eomubicutf 

Polperro. 
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Fio.  4  &  6.    View  of  two  Bides  of  nodule  from  DeTonian,  G^erolstein,  containing 

plate  of  SeaphaspiSf  sp.    Nat.  size. 
,f   6.  8iae  view  of  same,  showiiu^  the  several  layers  of  which  the  scute 

seems  to  be  composed,     ^t.  size. 
„  7.  Highly  magnified  section  of  the  same,  showing  repeated  layers  of  shell- 

stnicture. 
„   8.  Outline  of  shield  of  Seaphaspi»  f restored). 

,,   9.  Bostral  plate  of  Pteraapuy  Old   Red   Sandstone,   Stow  Hill  Bood, 

Newport,  Monmouthshire  (magnified  three  times). 
,,  10&  11.  Dorsal  spines  of  cephalic  shield  of  Cephalatpia,  DoYonian,  Polperro, 

Cornwall. 
(The  above  are  all  preserved  in  the  author's  Cabinet ;  Villa  Syracusa,  Torquay, 
South  Devon.) 

III. — Supplement  to  a  Chapter  in  the  History  of  Meteorites. 

By  Walter  Flight.  D.Sc,  F.G.S, 

(Continued  from  p.  69.) 

1875.    March  31st,  between  3  and  4  p.m.— Zsadany,  Temesvlir,  the 

Banat,  Hungary.^ 

No  luminous  meteor  appears  to  have  been  observed  at  the  time 
these  stones  fell ;  the  day  was  bright  and  sunny  and  the  sky  cloud- 
less. A  sound  as  of  platoon-firing  was  heard,  and  a  small  shower 
of  black  stones  descended,  some  within  the  area  of  the  village  of 
Zsadany  in  the  courtyards  of  the  inhabitants,  others  in  the  open 
fields.  They  did  not  fall  together,  but  at  slight  intervals,  which 
appear  to  have  been  at  least  one-third  of  a  minute.  Some  were 
picked  up  immediately  they  reached  the  ground,  and  were  found  to 
be  cold.  It  may  be  mentioned  here  that  the  stones  which  fell  at 
Dhurmsala,  in  India*  (1860,  July  4th),  are  stated  to  have  been  so 
cold  that  they  could  not  be  held  in  the  hand. 

Sixteen  stones  in  all  bave  been  found  ;  the  largest,  having  the  size 
of  a  goose's  e^g  and  weighing  about  152  grammes,  is  preserved  in 
the  National  Museum  at  Pest ;  the  remainder  have  an  average  size 
of  a  walnut,  and  their  aggregate  weight  is  nearly  400  grammes. 
Memak  has  sent  a  preliminary  report  describing  the  seven  largest 
stones,  illustrated  with  photographs  of  the  four  most  interesting 
masses,  to  the  Hungarian  Academy  of  Sciences.  The  investigation 
of  this  aerolite  has  been  undertaken  by  Wartha  and  Erenner ;  the 
former  will  subject  it  to  analysis,  the  latter  examine  its  mineralogical 
characters. 

I  learn,  from  an  obliging  letter  received  from  Prof.  Szabo,  that 
these  meteorites  have  a  coarse-grained  texture,  and  are  somewhat 
friable,  and  that  they  contain  nickel-iron  and  scales  of  graphite. 

Dr.  Cohen,  of  Heidelberg,  received  some  fragments  of  the  stone 

*  Egyet^rt6s  68  Ma^ar  Ujs&g,  23rd  April,  and  June  16tb,  1875. 

*  "W .  von  Haidinger,  Hitzungtber.  Akad.  JVisa,  Wien^  xlii.  305,  xliv.  285.  [It 
was  a  subject  of  frequent  remark  in  conversation  by  l^ofessor  Brayley  tbat  the 
only  foundation  for  this  statement  was  a  part  of  tbe  native  evidence  collected  on 
tbe  occurrence  of  this  stonefall,  that  the  meteorite  came  *'from  the  abode  of  snow" 
— a  phrase  wbicb,  in  the  native  dialect,  signifies  a  **  nortbem  direction,**  by  a  simple 
but  direct  allusion  to  tbe  snow -topped  summits  of  tbe  Himalayas. — Professor 
iklexander  Herscbel.] 
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from  Br.  Babesin,  and  he  has  reoently  published  a  paper  on  the 
resalU  of  the  physical  and  chemical  examination  of  them.* 

The  crost  of  the  stone  has  a  brownish  black  colour,  and  is  i  to  i 
mm.  in  thickness ;  it  has  the  appearance  as  though  it  had  not  been 
Bubjected  to  so  intense  a  heat  as  that  usually  developed  during  the 
fall  of  a  meteorite.  The  finely-grained  light  grey  matrix  encloses 
granules  of  magnetic  pyrites  (troilite?),  granules  and  plates  of 
nickel-iron,  and  numerous  dark  grey  crystalline  spherules,  averaging 
\  mm.  in  diameter;  one  little  sphere  had  a  breadth  of  Sj^  mm. 
They  have  an  excentric-radiate  or  contorted-radiate  structure.  A 
freshly  broken  surface  of  the  stone  is  studded  with  these  chondra, 
and  they  are  easily  removed  from  the  matrix.  As  regards  their 
mineralogical  aspects,  the  spherules  are  found  to  be  of  two  kinds. 
One  consists  of  small  prisms  of  a  rhombic  mineral,  which  has  all  the 
appearance  of  a  variety  of  enstatite ;  others  are  found  to  possess  all 
the  properties  of  olivine.  These  two  minerals  also  constitute  the 
greater  portion  of  the  matrix.  The  augitic  mineral  occasionally 
contains  opaque  granules  and  colourless  microlites,  the  olivine  pores 
or  cavities,  some  of  whidi,  the  author  states,  appear  to  contain  fluid. 
Metallic  particles  are  rarely,  if  ever,  found  in  the  spherules  them- 
selves. An  accessory  mineral,  transparent,  pure,  and  with  well- 
defined  edges,  is  also  to  be  found  in  the  meteorite.  It  diffei*s  from 
the  rhombic  augite  in  exhibiting  no  cleavage  fissures,  from  olivine 
hj  the  smoothness  of  its  polished  exterior,  and  from  both  of  them  by 
exhibiting  distinct  pleochroism  with  absorption ;  one  tone  being 
colourless,  the  other  pale  red  with  a  faint  tinge  of  brown.  It  appears 
to  be  rhombic,  and  shows  a  close  resemblance  to  a  variety  of 
hypersthene  found  by  Cohen  in  a  gab]>ro  from  South  Africa.  The 
Zsadany  stone  resembles  those  which  fell  on  several  different 
occasions  at  Lanc^,  Gopalpur,  and  Pultusk. 

By  treatment  with  acid  a  considerable  quantity  of  the  silicate  was 
decomposed.  The  analysis  of  the  portions  thus  separated  gave  the 
following  numbers : — 

Soluble  Portion.  Ingoluble  Portion. 

Silicic  acid      44-6€     56*71 

Alumina trace      2*32 

Iron  oxide       17*64     13*21 

JLiime ...     Trace      ...     i// 

Magnesia 37'90     25*99 

100-00  100-00 

The  stone,  therefore,  appears  to  consist  to  the  extent  of  three- 
fourths  of  a  brouBite,  the  remaining  fourth  being  an  olivine,  in  which 
the  equivalents  of  MgO  :  FeO  are  as  3*89  :  1,  or  approximately  that 
which  is  often  met  with  in  meteoric  olivines. 

1875,  April  14th,  0*30  a.m.—- Haddon,  Orenville  Co.,  Victoria, 

Australia.' 
A  very  brilliant  meteor  appeared  from  a  bank  of  cloud  about  20® 

>  E.  Cohen,   Verhandl,  Naturhis,  Med.  Vereim  zu  BtideJberg,  1878,  II.  Heft  2. 
<  The  JUtatrated  AMtralian  News,  May  17,  1876,  p.  68. 
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above  the  N.W.  horizon ;  it  became  elongated  and  pear-shaped  as  it 
traversed  the  heavens  from  W.  to  E.,  attaining  an  altitude  of  50° 
on  passing  the  zenith,  where  the  nucleus  appeared  to  break  up  and 
roll  on  in  misshapen  spheres  of  various  sizes.  On  reaching  a  point 
within  20^  of  the  N.E.  horizon,  the  light  became  more  intense  and 
then  the  meteor  disappeared.  Eight  or  ten  seconds  later,  reverbera- 
tions as  of  thunder  were  distinctly  heard.  An  eye-witness  stationed 
at  Haddon  thought  he  saw  matter  fall  near  him,  and  the  next  day, 
found  a  lump  of  melted  matter,  light  in  weight  and  of  a  nearly 
black  colour,  a  portion  being  "a  yellowish-brown  substance  like 
cinders  from  iron-smelting,"  as  well  as  two  fragments  that  were 
black,  like  coke,  and  a  smaller  fragment  of  a  yellow  hue.  This 
great  meteor,  of  which  an  engraving  is  given  in  The  Illustrated 
Australian  News,  was,  it  appears,  observed  in  several  parts  of  the 
country ;  but  no  other  accounts  of  it  indicating  either  Uie  extent  or 
position  of  its  real  course  have  yet  been  received. 

1876,  August  16th  (about  noon). — ^Feid-Chair,  Carole  de  la  CaUe, 

Constantine.^ 

This  meteorite  fell  about  midday  at  a  spot  named  Feid-Ghair,  about 
30  kilometres  from  La  Oalle,  the  descent  being  attended  with  the 
accustomed  luminous  appearance.  It  weighs  about  S80  grammes ; 
all  search  to  discover  other  stones  has  proved  of  no  avail.  The 
stone  has  a  black  crust  and  a  grey  interior,  in  which  particles  of 
nickel-iron  and  troilite  are  imbedded.  Spherules  are  recognized,  but 
the  matrix  likewise  exhibits  a  brecciated  structure ;  grains  of  a  dull 
black  hue  are  also  distributed  through  the  mass.  The  siliceous  por- 
tion acts  on  polarized  light.  The  enclosed  crystals  are  too  small  to 
allow  of  their  form  being  recognized.  This  portion  of  the  stone  is 
acted  upon  by  acid,  and  appears  to  consist  of  a  mixture  of  olivine 
and  enstatite.  The  Feid-Chair  meteorite  closely  resembles  the 
stones  which  fell  at  La  Baffe.Dep.  des  Vosges  (1822,  September  13th), 
Heredia,  Costa  Rica  (1857,  April  1st),  Canellas,  near  Barcelona 
(1861,  May  14th),  and  Khetree,  Rajpootana,  India  (1867,  January 
19th).  This  is  the  third  occasion  within  the  space  of  twelve  years 
that  meteorites  have  been  seen  to  fall  in  Algiers  and  have  been  pre- 
served. 

1876,  September  14th,  4  p.m. — Supino,  circ.  Frosinone,  Eome. 

The  asserted  fall  of  an  aerolite  on  this  date,  recorded  in  former 
pages,  and  again  as  an  authentic  stonefall  in  the  "  Monthly  Notices 
of  the  Royal  Astronomical  Society  *'  (vol.  xxxvii.  pp.  206-6),  is 
entirely  refuted  by  a  letter  from  Padre  Secchi,  in  the  latter  volume 
of  the  **  Monthly  Notices"  (p.  366),  in  which  the  real  circumstances 
of  the  supposed  meteor  and  stonefall  are  related  and  described.  A 
flash  of  lightning  which  occuiTcd  in  the  public  square  of  Supino 
struck  a  neighbouring  house  with  sufficient  violence  to  dislodge  a 
stone  from  the  roof,  without  doing  any  more  material  damage  to 

*  G.  A.  Daubr6e,  Compt  rend,  1877,  Ixxxir.  70. 
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the  house.  The  supposed  "  meteorite,"  wfaioh  fell  in  the  courtyard 
o[  the  house,  is  identified  by  the  Padre  Seoohi  with  the  ordinary 
Tolcanio  stnnee  of  the  dietriot,  which  ie  in  the  neighbourhood  of  an 
extinct  volcano,  and  it  probably  lay  (as  it  is  oustomary  to  proteot 
Ihem  against  the  foroe  of  the  wind)  upon  the  tiles  of  the  roof  until 
it  was  projected  from  ita  place  by  the  lightning- stroke. 

1876,  DMtmher  27tli,  9  p.m.— Eaniaa. 
I  have  to  thank  Mr.  Irish,  O.E.,  of  Iowa  City,  for  two  outtings 
from  newspapers  (the  Kantaa  Chief  of  December  30th,  and  tlia 
Krnat  Evening  Poat  of  December  29th)  recording  the  fall  of  a 
dttonating  meteor  of  the  above  date.  It  traversed  the  heavens  in 
I  direction  from  N.W.  to  S.E.,  leaving  a  lurid  streak  in  its  wake. 
Ihe  whole  heavens  wore  lighted  up,  and  "  made  all  out  of  doors 
almost  aa  light  as  full  moonlight."  The  meteor  was  of  the  usual 
vhitish-red  colour,  and  when  it  exploded  the  fiery  fragments  were 
■cattered  in  all  directions.  "  Perhaps  two  minutes  later,  and  after 
ill  appearance  of  the  meteor  had  disappeared,  the  sound  of  the 
eiplosion  came  like  the  discharge  of  a  heavy  oaiinon  ;  or  rather  one 
load  exploaion,  immediately  followed  by  a  lighter  one  like  an  echo. 
Tbe  explosion  jarred  houses  and  rattled  windows.  The  size  of  the 
meteor  and  the  terrible  foroe  of  the  explosion  may  be  imagined  from 
the  fact  that  the  distance  was  so  great  that  it  required  about  two 
minutes  for  the  eoimd  to  reach  the  earth,  and  the  concussion  was  so 
plainly  felt  and  heard  at  that  distance.  The  phenomenon  was 
witnessed  over  a  large  extent  of  country."  An  observer,  writing 
from  Fort  Leavenworth,  states  that  it  appeared  to  have  its  origin  in 
the  constellation  Cossiojieia,  and  its  course  woe  due  east.  Mr.  Irish 
states  that  he  has  made  every  effort  to  secure  possession  of  (he 
meteorites  which  must  have  fallen,  but  has  been  unsuccessful.  The 
ti[oe  of  flight  is  estimated  to  have  been  from  12  to  15  seconds. 

187S,  December  27th,  920  p.m.— State  of  HlsBonri,  V.S.A. 

I  am  indebted  to  Mr.  Irish,  C.E.,  of  Iowa  City,  for  an  interesting 
description  of  this  detonating  meteor,  as  well  as  for  a  map,  on  which 
he  has  traced  its  course.  The  point  where  it  was  first  seen  in  the 
zenith  is  at  Thayer,  in  Nehmeka,  near  the  borders  of  Kansas,  and 
about  120  milea  W.  of  the  Missouri  River.  It  was  seen  by  him  at 
Iowa  City  first  as  a  small  meteor,  which  rapidly  became  brighter, 
anil  was  hidden  from  view  when  at  an  altitude  of  about  40"  by  a 
building ;  at  this  moment  it  gave  out  a  very  brilliant  quivering 
flash  of  light,  which  illuminated  the  whole  heavens.  It  appears 
from  Mr.  Irish's  map  to  have  been  seen  over  a  wide  area,  from  Still- 
water in  Minnesota  on  the  north,  to  Buffalo  in  Missouri  on  the  south, 
sod  as  far  west  oa  the  shores  of  Lake  Michigan.  Near  the  termina- 
tion of  the  flight  sounds  were  heard  :  over  Archer,  in  Nebraska,  a 
ruihing  roaring  sound,  as  of  a  mighty  wind,  was  noticed ;  at  St. 
JoBepb,  in  Missouri,  the  first  distinct  explosion  was  remarked,  and 
Utween  that  town  and  Livingstone  Co-  frequent  and  very  heavy 
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detonations  occurred.  In  the  last-mentioned  district,  and  at  places 
as  far  as  60  miles  distant,  numerous  red  fragments  were  seen  to  fall. 
He  says,  ''I  have  had  several  persons  looking  for  the  meteorites 
where  the  fall  must  have  taken  place;  but  the  whole  district  is 
covered  with  dense  forest,  and  is  mountainous  and  broken,  and  the 
ground  was  very  soft  from  the  long-continued  rains  preceding  the 
foil,  so  that  no  fragments  have  been  found.  All  the  observers  of 
the  final  explosion  agree  that  the  great  bulk  of  the  material  was 
thrown  upward  and  backward  upon  the  course  of  the  meteor,  as  the 
arrow-pointed  dots  in  my  sketch  indicate.  The  luminous  appearance 
continued  in  sight  for  15  minutes." 

Found  1876  (t). — Bed  River,  northward  of  Toung  Co.,  Texas.^ 

There  is  preserved  in  the  State  collections  at  Austin  a  mass  of 
meteoric  iron  weighing  315  lbs.,  which  is  said  to  have  been  found  on 
the  head  waters  of  the  Red  Kiver,  northward  of  Young  County. 

1876.    Bntler,  Bates  Co.,  Missouri.' 

This  iron  has  already  been  described  by  Broadhead '  and  Smith,^ 
the  latter  finding  it  remarkable  for  the  very  large  and  regular 
Wiedmannstattian  figures  which  it  displays.  A  specimen,  weighing 
1  kilog.  334  grammes,  acquired  by  the  Vienna  Collection  from  Dr. 
L.  Smith,  wan  foimd  to  have  three  etched  surfaces  nearly  perpen- 
dicular to  each  other.  It  was  noticed  that  the  greater  part  of  the 
iron  had  an  even  dull  appearance,  but  in  this  lustreless  iron  grey 
part  lay  numerous,  in  part  individual,  in  part  grouped  together, 
lamellaB,  of  which  four  differently  directed  systems  appear  on  the 
sections.  The  lamell®  together  form  a  skeleton — or  octohedral 
skeleton — ^just  as  in  Tschermak's  Schematic,  fig.  5,*  the  crystal- 
structure  of  iron  indicates  a  hexahedral  skeleton. 

The  ground-mass,  though  lustreless  and  structureless,  shows  a 
peculiar  play  of  light,  to  which  later  reference  will  be  made ;  its 
hardness  is  remarkably  low,  a  little  below  4,  being  distinctly 
scratched  by  fluorite.  The  system  of  lamellsB  are  finely  granular 
and  in  several  respects  show  the  greatest  resemblance  with  the 
ground-mass  (hardness,  etc.)  ;  only  in  a  few  broader  places  a  feebly 
indicated  granular  structure  shows  itself,  and  recalls  the  balk  iron  of 
other  irons.  The  lamellas  are  covered  with  band-iron  (tanite)  which 
is  recognized  by  its  high  lustre  and  pale  isabel-yellow  colour ;  they 
are  very  small,  the  nucleus  and  the  two  covers  being  in  most  cases 
not  more  than  -gV  of  a  millimetre,  and  the  length  usually  15  to 
20  mm.  (some  are  80  mm.).  Where  lamellsB  differently  directed 
come  together,  one  system  is  usually  developed  quite  uninjured; 

^  S.  B.  Buckley,   **  Second  Annual  Heport  of  the  Geological  and  Agricultural 
Survey  of  Texas,"  Houston,  Texas,  1876. 
«  A.  Brezina,  Sitzber.  Akad.  Wisi.  1880,  Ixxxii.  Oct.  Heft. 
'  Broadhead.    Amer.  Journ.  Se.  [3],  x.  401. 
*  Smith.    Amer,  Journ,  Sc,  [3],  xiii.  211. 
5  Tbchermak.    Sitzber,  Akad,  JFtM,  Ixi.  1874,  443. 
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aoraetimes,  though  rarely,  nucleus  lies  on  nucleus  and  cover  on 
oover,  in  proof  of  the  simultaneous  origin  of  the  system. 

From  the  main  strikings  of  the  four  systems,  not  alone  parallel, 
but  small  plates  lying  irregularly  overlaid  occur  in  the  ground-mass, 
and  to  these  is  due  the  peculiar  play  of  light  of  that  part  of  the 
iron.  Troilite  occurs  in  rounded  or  lenticular  masses,  some  2  ctm. 
in  diameter ;  hut  none  is  found  in  the  lamellae  systems. 

The  largest  of  the  sections  does  not  vary  very  much  (about  13^) 
from  the  position  of  a  leucitobedral  face;  three  distinctly  marked 
lamellae  systems  cross  it  at  angles  of  70^,  61°  and  49^  For  the  face 
(533)  the  corresponding  values  are : — 

66'-4,  0%  66'-4,  49.'2  (0**  +  66'-4  =  65'-4) 

The  drawings  of  these  sections  are  to  be  published  later  on. 

1876,  January  6th,  10-80  p.m.— Iowa  and  Missouri. 

This  meteor,  according  to  Mr.  Irish's  letter  and  accompanying 
map,  was  witnessed  over  an  area  extending  from  Cass,  in  Iowa,  to 
Grundy,  in  Missouri.  It  aj^peared  to  descend  almost  perpendicularly, 
and  was  a  very  brilliant  meteor,  and  a  very  noisy  one  also.  A 
aeries  of  reports,  twenty-two  in  number,  were  heard  during  its 
transit  from  Cass  to  Grundy.  The  rumbling  thunder  of  its  artillery, 
together  with  its  flashes  of  brilliant  light,  brought  people  from  their 
be<is  with  an  apprehension  that  the  great  Civil  War  had  broken  out 
afresh.  Its  time  of  flight  over  the  area  indicated  was  not  more  than 
five  seconds,  and  the  light  it  emitted  is  said  to  have  equalled  that  of 
noonday.  None  of  the  meteorites  which  must  have  fallen  have  been 
found,  for  the  reasons  already  referred  to  when  speaking  of  the 
detonating  meteor  of  December  27th. 

1876,  January  Slst,  530 p.m. — Loniaville,  Kentucky. 

Dr.  Lawrence  Smith,  of  Louisville,  observed  a  magnificent  meteor 
traversing  the  heavens  on  the  afternoon  of  the  above  day.  He  first 
saw  it  at  an  altitude  of  about  60^  above  the  horizon,  and  it  disap- 
peared from  view  behind  some  houses  at  an  elevation  of  about  20°. 
Its  direction  appears  to  have  been  from  N.W.  to  S.E.,  and  the  angular 
magnitude  about  one-sixth  that  of  the  disk  of  the  moon.  It  was 
Been  over  an  area  120  miles  in  diameter.  A  number  of  observers 
witnessed  an  explosion  which  took  place  when  the  meteor  was  about 
10°  above  the  horizon  ;  all  the  fragments  disappeared  instantly, 
except  the  largest,  which  also  became  invisible  before  it  reached  the 
horizon.  One  or  two  of  the  eye-witnesses  think  they  noticed  a 
whizzing  noise,  and  at  the  time  of  bursting  heard  the  explosion. 
No  fragments  of  a  meteorite  have  yet  been  met  with ;  but  it  is  the 
opinion  of  Dr.  Smith  that  they  fell  about  the  range  of  the  Cumber- 
land Moantfldns  in  Kentucky,  or  in  the  north-east  of  Tennessee. 

fTo  be  continued  in  our  next  Number.) 
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IV. — Notes   on  the  Vebtebrata    op  the  Prb-Glaoial  Forest 

Bed  Series  of  the  East  of  England. 

By  E.  T.  Newton,  F.G.S. 
(Pablished  by  permission  of  the  Director-General  of  the  Geological  Surrey.) 

PART  VII.— PISCES.    (Conclusion.) 

THE  occurrenoe  of  Fish-remains  among  the  "  Forest  Bed  "  Verte- 
hrata  attracted  the  attention  of  some  of  the  earlier  writers  on 
Norfolk  Greology ;  but  it  is  only  within  the  last  few  years  that  any 
of  these  fish  have  been  specifically  determined.  Mr.  A.  Bell  in  the 
Proceed,  of  the  Geol.  Assoc.  1871,  included  the  Ptke  and  Perch  in 
his  list  of  "  Forest  Bed  "  Vertebrata,  and  the  same  two  species  are 
given  by  Mr.  A.  Savin  in  the  Proceed,  of  the  Norwich  G^eol.  Soo. 
for  1878,  p.  27.  The  fish  mentioned  by  Sir  C.  Lyell  from  Mundesley 
(Lend,  and  Edinb.  Phil.  Mag.  ser.  3,  vol.  xvL  p.  846,  1840)  were 
from  the  Post-Glacial  Biver  Bed.  A  Sturgeon  plate  in  the  King 
Collection  in  the  Museum  of  Practical  Geology,  has  for  several 
years  borne  on  the  label  "  Accipenser  Itiiirostris,"  Prof.  W.  Boyd 
Dawkins  has  entered  it  in  his  MS.  catalogue  of  this  collection  as 
'*  Acipenaer  " ;  but  I  am  not  aware  that  the  occurrence  of  the  genus 
in  the  *'  Forest  Bed  "  has  hitherto  been  published. 

A  large  number  of  fish  teeth,  scales,  and  bones  have  been  obtained 
within  the  last  few  years  by  Mr.  A.  Savin  and  my  colleagues  Messrs. 
J.  H.  Blake  and  C.  Reid,  and  among  these  a  number  of  new  forms  have 
been  determined ;  so  that  we  are  now  in  a  position  to  record  seventeen 
species  as  occurring  in  these  deposits ;  some  of  which  are  now  for 
the  first  time  known  in  the  fossil  state. 

Perca  finviaiilis, — This  species,  hitherto  known  in  the  "  Forest 
Bed  "  by  scales  only,  is  now  represented  by  several  other  character- 
istic parts,  which  have  been  obtained  from  the  Freshwater  Bed  at 
West  Runton  and  elsewhere. 

Acerina  vulgaris  f — A  single  small  otolith  from  the  West  Kunton 
Freshwater  Bed,  agrees  so  closely  with  that  of  the  common  perooid 
fish,  known  as  the  Ruff,  that  it  is  with  some  little  doubt  referred  to 
that  species. 

Platax  Woodwardi, — The  remarkable  bones  which  have  been 
called  "  Butterfly -bones,"  and  are  so  well  known  to  collectors  of 
Norwich  Crag  fossils,  have  been  found  in  some  abundance  at 
different  horizons  in  the  "  Forest  Bed  Series,"  and  so  also  have  the 
enlarged  interspinous  bones  which  were  included  by  M.  Agassiz  in 
this  species. 

Eaox  lucius. — Dentary  bones,  isolated  teeth  and  other  fragments 
undoubtedly  belonging  to  this  species  are,  perhaps,  more  frequently 
met  with  in  the  "  Forest  Bed  "  than  any  other  remains.  They 
chiefly  .indicate  fish  of  moderate  size,  but  occasionally  large  bones 
are  found.  The  remains  of  this  species  are  known  from  almost 
all  horizons  of  the  series  and  at  numerous  localities. 

Barhua  vulgaris? — Two  specimens,  in  Mr.  Savin's  collection,  of 
pharyngeal  teeth  and  parts  of  their  supporting  bones,  agree  better 
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with  this  species  than  with  any  other ;  their  chief  peculiarity  heing 
tbeir  cylindrical  form  and  the  backward  direction  of  the  curved 
crown.  Both  these  specimens  were  obtained  from  the  Freshwater 
Bed  at  West  Runton. 

Leuciscus  cephalw  f — A  pharyngeal  bone  with  several  teeth,  pre- 
served in  the  Green  Collection  at  the  Natural  History  Branch  of  the 
British  Museum,  Cromwell  Koad,  there  is  little  doubt,  belongs  to  this 
species ;  but  as  it  was  obtained  from  Ostend,  there  is  some  question 
as  to  whether  its  true  horizon  is  not  really  much  above  the  Forest  Bed. 

LendscHs  ruliltis. — Three  or  four  nearly  perfect  pharyngeal  bones, 
bat  without  teeth,  and  a  large  number  of  isolated  teeth,  are  referable 
to  this  species.  Most  of  them  are  from  the  West  Runton  Fresh- 
water Bed,  and  are  in  Mr.  Savin's  collection  at  Cromer. 

Leuci$€us  erythrophthalmus. — Among  the  numerous  isolated  teeth 
referable  to  the  genus  Leuciscus  there  are  several  which  are  believed 
to  belong  to  this  species,  but  there  is  one  in  the  Museum  of  Practical 
Geology  from  the  West  Runton  Freshwater  Bed,  which  is  held  to 
be  undoubted  evidence  of  its  occurrence. 

Abramis  brama. — Two  unworn  teeth  from  West  Runton 
present  the  peculiar  groove  under  the  apex  which  is  seen  in  the 
pharyngeal  teeth  of  the  Bream,  and  so  far  as  I  know  in  these 
alone. 

Tinea  vulgaris, — Several  short  teeth  with  broad  crowns  and  small 
pedicles  evidently  belong  to  this  species ;  tliey  are  all  from  the  West 
Hanton  Freshwater  Bed,  and  are  now  in  Mr.  Savin's  collection  and 
in  the  Museum  of  Practical  Geology. 

Gadus  morrhua, — This  species  is  represented  by  portions  of 
jaws  from  the  *'  Forest  Bed  "  of  several  localities,  and  specimens 
are  to  be  seen  in  Mr.  Savin's  collection,  and  in  the  British  and 
Jermyn  Street  Museums. 

Gadus  pollachtus. — Two  portions  of  otoliths  from  the  Wey bourne 
Crag  at  Runton  are  believed  to  belong  to  this  species.  Examples  of 
two  other  forms  of  otoliths  have  also  been  found  which  have  not 
yet  been  determined  ;  although  probably  belonging  to  the  same  genus, 
they  certainly  do  not  belong  to  either  of  the  species  known  from  the 
Forest  Bed. 

Galeus  canis. — Tliis  genus  and  species  is  represented  by  a  single 
but  characteristic  tooth  from  the  Wey  bourne  Crag  of  Runton. 

Acanthias  vulgaris, — This  fonn  is  also  represented  by  a  single 
tootli,  from  the  Wey  bourne  Crag  of  Runton,  and  like  the  last  is  now 
for  the  first  time  known  in  the  fossil  state. 

Baja  baiis. — Numerous  teeth  from  the  Weyboume  Crag  at  Runton 
evidently  belong  to  one  of  the  Skates ;  and  several  can  be  identified 
with  the  Baja  batia. 

Raja  clavata  ? — Several  teeth  obtained  with  the  last  species  agree 
closely  with  the  two  forms  of  teeth  found  in  the  male  and  female 
TkombacJc  and  are  with  some  reserve  placed  in  that  species. 

Examples  of  all  the  above  "  Forest  Bed  "  Fish,  with  the  exception 
of  Barbus  vulgaris  and  Leuciscus  cephalus,  are  to  be  seen  in  the 
Uasenm  of  Practical  Geology. 
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*  Tinea  vufgarit,  Cay. 
*Gadus  morrhuaf  Linn. 

♦  —  poliachiut  f  Linn. 
Aeipenser,  sp. 

*GaUut  eaniSf  Linn. 
^AeaHthioB  vulguritf  BiMO. 
*Jtoju  batu, 
Raja  elavaia. 
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List  of  Fishes  from  the  **  Fokest  Bed  Series." 
(Those  marked  with  an  asterisk*  are  new  to  the  *'  Forest  Bed  Series.*') 

PereaJluvMttltit  linn. 
^Aeerina  rul^aris  f  Cuv. 
*Fiatax  JFoudwardi,  Ag. 

£8ox  iuciusj  Linn. 
*Barbui  vulgaru  f  Flem. 
*Leu€i9cu9  c«§halu9  f  Linn. 

• rutiluM,  Linn. 

• erythrophtkaimusj  Linn. 

*Ahrami9  branuif  Linn. 

In  bringing  these  notes  on  the  "Forest  Bed  Vertebrata"  to  a 
close,  I  desire  to  offer  my  best  thanks  to  the  gentlemen  in  charge  of 
public  collections  and  those  possessing  private  ones,  who  have  so 
freely  placed  their  specimens  at  my  disposal,  thus  enabling  me  to 
compare  them  and  to  accomplish  a  task  which  would  otherwise  have 
been  impossible. 

It  is  hoped  that  the  memoir,  of  which  these  notes  have  been  an 
epitome,  will  now  shortly  be  published  by  H.M.  Geological  Survey, 
and  will  be  found  useful  for  future  workers  in  this  field.  Much 
still  remains  to  be  done,  and  doubtless  new  material  will  be 
brought  to  light,  which  will  enable  us  to  trace  more  clearly  than  is 
even  yet  possible,  the  changes  of  life  which  must  have  taken  place 
between  the  early  Pliocene  times  and  the  Glacial  and  Post-Glacial 
periods. 

y. — The  Twt  Hill  Conglomkrate  and  the  Base  of  the 

Cambrian. 
By  R.  D.  Roberts,  M.A.,  D.Sc.  (Lond.),  F.G.S.,  Clare  College,  Cambridge. 

A  FEW  words  of  explanation  are  required  to  enable  those  not 
familiar  with  the  Carnarvon  district  fully  to  appreciate  the 
importance  of  Prof.  Bonney's  confirmation^  of  the  view  respecting 
the  age  of  the  Twt  Hill  conglomerate  first  put  forward  by  Prof. 
Hughes,  and  afterwards  advocated  by  myself.'  The  controversy 
possesses  a  general  interest,  apart  from  the  fact  that  the  strati- 
grnphical  position  of  a  certain  bed  is  now  fixed,  inasmuch  as  it 
shows  how  cautious  it  is  needful  to  be  in  dealing  with  these  ancient 
rocks  without  the  most  thorough  and  careful  mapping  of  the  whole 
area. 

In  February,  1879,^ Prof.  Bonney  read  his  paper  on  "The  Meta- 
morphic  Series  between  Twt  Hill  and  Port  Dinorwic "  before  the 
Geological  Society,  and  described  the  conglomerate  in  the  Twt  Hill 
quarry.  "  The  rock,"  he  says,  "  exposed  on  the  summit  of  Twt  Hill 
is  at  first  sight  like  a  coarse  granite,  which,  however,  is  almost 
without  a  micaceous  constituent.'*  "  The  lowest  rock  exposed  in  the 
Twt  Hill  quarry  is  of  the  same  type  as  that  at  Twt  Hill.  Above 
it  comes  a  bed  with  a  similar  matrix,  containing  pebbles  in  the 
upper  part,  then  a  band  of  coarser  conglomerate,  the  pebbles  being 
often  full  an  inch  in  length.  To  this  succeeds  a  band  of  finer 
conglomerate,  then  coarser,  and  lastly  another  of  finer,  passing  up 

1  See  Geol.  Mao.  Jan.  1882,  p.  18. 

*  See  Geol.  Mao.  Vol.  YIII.  Dec.  II.  p.  194  and  p.  439. 


a.  J).  Roberta— The  Tmt-Sill  Conglomeraie. 


115 

klo  a  rock  which  ha*  some  resemblance  to  the  bottom  roek."     (The 
italics  are  not  Prof.  Bonney'B.) 

Id  the  disouBaion  whioh  followed,  Prof.  Hughea  pointed  out,  as  the 
result  of  his  own  mapping  of  the  district,  that  Prof.  Bonney  had 
miaapprehended  the  direction  of  the  dip,  having  been  misled  by  the 
Tery  deceptive  appearanoe  of  the  surface  of  the  quarry,  and  had 
miatahen  the  patches  of  conglomerate  sticking  to  the  face  of  the 
quarry  for  alternating  beds  of  oonglomerate  and  granttoidite.  He 
further  stated  that  the  conglomerate  really  dipped  away  from  Twt 
Hill,  passed  up  into  brown  aandstoiies  on  the  8.S.E.  rim  of  the 
qoarry,  and  was  the  basement  bed  of  the  Cambrian,  resting  upon 
die  Pre- Cambrian  granitoid  axis,  as  indicated  in  his  section  drawn 
uiDts  the  eame  ridge  nearer  Bangor  (Q.  J.  6.  3.  Dec.  Sth,  1877). 
To  moke  tbe  matter  perfectly  clear,  I  give  a  ground-plan  of  the 
quarry  {Fig.  1),  Prof.  Bonney's  section,  to  whioh  the  desoription 
Fid.  I.     (Groond  Plan  of  Twt  HiU  Qnarr;.] 


Twt  Hilt      — ,> 


—  mtw 


'"'iz^ssgzcf 


:  Granitoid  rock 

i.  Twt  Uill  Quartz  conglomerate. 

c.  Brown  Bandstone. 

above  quoted  applies,  was  taken  along  tbe  line  A  B.  The  section 
(Fig,  2)  18  a  copy  of  Prof.  Bonney's,  given  in  Q.  J.  G.  S.  vol.  xxxv, 
p.  321,  and  is  a  reduced  representation  of  the  diagram  exhibited  at 
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the  meeting  of  the  Society.  It  will  be  in  the  recollection  of  all 
vrho  were  present  at  the  meeting  of  the  Society  that  in  the  original 
diagram  Twt  Hill  was  shown  on  the  left,  the  beds  dipping  towards 
it  This  indication  of  the  direction  was  omitted  in  the  published 
section,  which  section  did,  however,  represent  the  general  appearance 
of  the  face  of  the  quarry  with  the  oblique  patches  of  conglomerate 
inclined  along  the  surface  of  the  granitoidite  towards  Twt  Hill. 
After  this  direction  of  dip  was  given  up  it  was  still  held  by  some 
that  the  trend  of  the  rocks  was  across  the  ridge  of  the  Bangor- 
Oarnarvon  range,  until  in  the  footnote  to  a  paper  (Obol.  Mag. 
Vol.  yil.  p.  300)  Prof.  Bonney  stated  that  he  had,  as  the  result  of 
subsequent  examination,  inferred  that  the  trend  of  the  beds  in  ques- 
tion corresponded  more  nearly,  than  he  was  formerly  inclined  to 
believe,  with  the  line  of  the  ridges,  and  that  the  Careg  Gk>ch  grits, 
which  he  had  believed  dipped  towards  Twt  Hill  so  as  to  pass 
under  the  Twt  Hill  conglomerate,  might  not  in  reality  be  at  a 
lower  horizon  than  that  conglomerate.  Now,  however,  he  is  so  far 
persuaded  that  these  grits  are  the  same  as  the  Twt  Hill  con- 
glomerate, that,  from  having  found  felsite  fragments  in  them,  he  is 
prepared  to  admit  that  the  Twt  Hill  conglomerate  is  not  a  part  of 
the  granitoidite  series.  It  might  not  be  apparent  to  those  who  have 
not  the  map  before  them  that  the  grits  referred  to  as  near  the  C 
of  Cefn  Cynryg  are  the  same  as  those  previously  described  as  the 
Careg  Goch  grits,  which  are  quarried  within  a  stone's  throw  of  the 
farm  of  that  name,  Cefn  Cynryg  farm  being  on  different  beds  away 
to  the  south-east.  Furthermore,  the  italicized  portions  above  quoted 
render  it  perfectly  clear  that  Prof.  Bonney's  section  was  taken  along 
the  Vine  A  B,  since,  in  the  section  seen  along  C  D,  the  conglomerate 
passes  up  into  a  sandstone,  and  not  into  any  rock  which  could  be 
spoken  of  as  having  **  some  resemblance  to  the  bottom  rock,"  i.e.  to 
the  granitoidite.  The  W.S.W.  side  of  the  quarry  has  always  been 
much  covered  with  brambles  and  debris,  so  that  the  succession  was 
not  obvious  at  first  sight,  and  the  patches  of  conglomerate  clinging 
to  the  face  of  the  granitoidite  in  irregularly  oblique  bands  might 
easily  appear,  at  a  little  distance,  to  be  iuterstratified  with  it 

Prof.  Hughes's  section  (Fig.  3),  which  represents  the  real  sequence 

Fio.  3.    Line  of  Prol  Hughes*  section  {Cio  D.    See  Ground  Plan,  Fig.  1). 
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of  the  beds,  was  along  C  D,  and  is  given  in  his  paper,  Q.  J.  G.  S. 
vol.  XXXV.  p.  683,  containing  the  detailed  stratigraphical  evidence 
upon  which  his  conclusions  were  based.  The  view  of  the  Cambrian 
age  of  the  conglomerate  was  strenuously  opposed  by  Prof.  Bonney 
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upon  the  following  groonds,  as  summarized  by  him  in  Geol.  Maq. 
Jan.  1882 : — 

1.  His  inability  to  detect  any  line  of  demarcation  between  the 
granitoid  beds  and  the  conglomerate. 

2.  The  absence  of  felsite  pebbles  such  as  occur  in  the  Cambrian 
ooDglomerate  of  the  Bangor  district 

3.  Microsoopical  evidence — the  greater  metamorphism  of  the 
matrix  of  the  Twt  Hill  conglomerate  than  is  usual  in  the  Cambrian 
ooDglomerate. 

In  my  two  short  papers  to  this  Magazine  on  this  subject  these 
points  have  been  dealt  with. 

1.  I  examined  with  great  care  on  several  occasions  the  junction 
of  the  conglomerate  and  granitoidite  in  the  Twt  Hill  quarry,  and 
came  eventually  to  the  same  conclusion  as  Professor  Hughes  and  Mr. 
Tawney — the  conclusion  in  which  Professor  Bonney  now  concurs — 
viz.  that  the  conglomerate  and  granitoidite  do  not  belong  to  the 
same  series. 

2.  To,  meet  Professor  Bonney*s  argument  founded  upon  the  litho- 
logical  dissimilarity  of  the  Twt  Hill  and  Bangor  conglomerates,  I 
pointed  out  that  if  in  a  neighbouring  area,  a  precisely  similar  quartz 
conglomerate,  without  felsite  pebbles,  constituted  the  base  of  the 
Cambrian,  it  was  at  any  rate  conceivable  that  the  Twt  Hill  con- 
glomerate might  be  Cambrian,  despite  the  absence  from  it  of  felsite 
pebbles.  The  inference  that  the  Twt  Hill  conglomerate  was  not 
Cambrian  because  it  contained  no  felsite  pebbles,  implied  the  major 
premiss :  "  Cambrian  conglomerates  always  contain  felsite  pebbles." 
Professor  Bonney *s  own  words  on  thid  point  are,  **  I  have  never  yet 
Been  a  felsite  pebble  in  this  conglomerate,  or  detected  a  fragment 
onder  the  microscope,  yet  that  rock  abounds  in  every  known  exposure 
of  the  Cambrian  conglomerate,^*  *  (The  italics  are  mine.)  I  denied 
Professor  Bonney *s  major  premiss  on  the  ground  ^hat  the  Cambrian 
conglomerate  of  a  part  of  Central  Anglesea^  consists  like  the  Twt 
Hill  conglomerate  of  quartz  pebbles  imbedded  in  a  felspathio 
matrix.  Professor  Bonney  is  mistaken  in  supposing  that  I  regarded 
a  "  felspathio  matrix  "  as  identical  with  "  fragments  of  felsite  "  ;  my 
argument  was  of  an  entirely  different  nature :  that  I  am  sure  is 
clear  without  further  words.  Professor  Bonney's  argument  therefore 
against  the  Cambrian  age  of  the  Twt  Hill  conglomerate  based 
upon  the  lithological  dissimilarity  of  the  Bangor  and  Twt  Hill 
conglomerates  has  fallen  to  the  ground,  because  his  major  premiss 
cannot  be  maintained. 

3.  Microscopical  evidence  was  not  neglected.  I  got  sections  made 
of  several  of  the  rocks,  and  referred  to  some  of  these  in  my  papers, 
but  the  evidence  thus  obtained  was  not  sufficient  to  solve  the 
problem. 

My  reason  for  believing  the  Twt  Hill  conglomerate  to  be  Cam- 

'  See  Geol.  Mao.  Dec.  II.  Vol.  VII.  p.  300. 

*  There  is  no  question  that  these  Anglesea  conglomerates  are  Cambrian,  for  Prof. 
Hughes  has  mapped  them  over  the  whole  area,  and  found  them  in  some  sections  to 
be  losfiiliferons,  and  to  pass  up  into  fossiliferous  sandstones. 
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brian  is  the  stratigraphical  evidence  given  in  Prof.  Hughes*  papers, 
and  verified  in  the  field.  Prof.  Bonnej  now  accepts  that  con- 
clusion, because  he  has  detected  with  the  microscope  felsite  fi'ag- 
ments  in  the  grits  at  Cefn  Cynryg.  This  is  the  grit  of  Careg  Goch 
described  by  Prof.  Hughes,  and  shown  in  his  Map  and  sections.  It 
must  be  carefully  noted  that  these  felsite  fragments  have  not  been 
detected  in  the  Twt  Hill  conglomerate,  but  in  the  grit  of  Cefn 
Cynryg  or  Careg  Groch. 

This  grit  of  Cefn  Cynryg  is  four  miles  distant  from  the  Twt  Hill 
conglomerate,  and  the  assumption  of  the  identity  of  the  beds 
obviously  depends  on  stratigraphical  evidence.  A  year  and  a  half 
ago  Prof.  Bonney  wrote  of  the  Twt  Hill  conglomerate  as  follows : — 
"  Even  *  if  it  were  proved  that  this  conglomerate  were  made  up  from 
the  materials  of  the  rock  on  which  it  rests,  I  could  not  believe  it  to  be 
of  Cambrian  age,  because  the  microscope  shows  that  its  matrix  and  the 
finer  bands  intercalated  with  it  are  much  more  highly  altered  than  is  the  • 
case  with  the  Cambrian  rocks,**  (The  italics  are  mine.)  That  state- 
ment is  explicit,  and  indicates  a  perfectly  definite  and  final  ppinion. 
He  now  writes*:  ** While  repudiating  Dr.  Roberts*  arguments,  I 
admit  the  substantial  correctness  of  his  conclusions  as  regards  the 
Twt  Hill  conglomerate,*'  and  further  on  adds  :  "  It  was  trusting  too 
much  to  my  eyes  in  the  field  (though  they  were  perhaps  not  less 
experienced  than  those  of  Dr.  Roberts),  and  refusing  to  listen  to 
certain  doubts  suggested  by  the  microscope,  which  led  me  wrong,  as 
it  has  done  other  observers ;  it  was  my  microscope,  and  that  alone, 
which  set  me  right."  Is  not  Prof.  Bonney  mistaken  in  this  ?  It 
was  his  microsccpe  which  led  him  wrong,  when  it  led  him  to  the 
conclusion  above  quoted  that  the  Twt  Hill  conglomerate  could  not 
possibly  be  of  Cambrian  age.  The  stratigraphical  evidence,  by 
leading  him  to  infer  that  the  strike  of  the  rocks  was  different  from 
that  which  he  was  first  inclined  to  believe,  has  set  him  right  by 
showing  the  possibility  of  regarding  the  Careg  Qoch  grits  near  the 
C  of  Cefn  Cynryg,  and  the  Twt  Hill  conglomerate,  as  "a  local 
development  of  the  Cambrian  conglomerate.**  It  does  not  appear 
that  the  microscope  has  revealed  anything  new  as  to  the  structure 
of  the  Twt  Hill  conglomerate  since  the  above  italicized  paragraph 
was  written ;  it  has  merely  shown  that  the  Cefn  Cynryg  grit,  four 
miles  distant,  contains  felsite  fragments,  a  fact  which  is  scarcely  of 
first-rate  importance,  seeing  that  the  felsitio  character  of  the  Cam- 
brian conglomerate  at  Llanddeiniolen,  which  has  been  identified 
with  that  at  Careg  Qoch,  has  been  known  all  along.  I  make 
no  further  comment.  The  points  brought  out  in  Prof.  Hughes' 
papers  on  North  Wales  are  now,  therefore,  thoroughly  established, 
viz.  that  the  succession  of  the  Cambrian  is  as  follows :  (1)  A  base- 
ment conglomerate  series,  consisting  sometimes  of  a  quartz  con- 
glomerate, sometimes  of  a  felsite  conglomerate,  and  sometimes  of 
quartz  or  felspathic  grits,  succeeded  by  (2)  brown  sandstones,  often 
fussiliferous,  and  (3)  black  slates. 

1  Geol.  Mao.  Dec.  II.  Vol.  VII.  p.  300. 
»  Geol.  Mao.  Dec.  II.  Vol.  IX.  p.  20. 
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By  Prof.  Chas.  Lapworth,  F.G.S. 
(^Continued  from  page  7.) 

DTJRINO  the  year  1871,  ia  connexion  with  his  duties  upon  the 
Greological  Survey  of  Sweden,  Linnarsson  made  a  caraful  study 
of  the  liower  PalsBozoic  strata  of  Dalarne  and  Jemtland,  publishing 
the  fruits  of  his  observations  in  the  following  year.  Dalarne  had  been 
already  most  successfully  investigated  by  Dr.  Sven.  Tornquist ;  but 
Linnarsson,  familiar  with  details  of  the  better  known  succession  in 
Westrogothia,  was  enabled  to  throw  much  new  light  upon  the 
crumpled  and  shattered  strata  of  this  region. 
In  Dalarne  Linnarsson  recognized  : — 

3.  Trinacleos  Shales. 
2.  Chasmops  Limestone. 
1.  Orthoceras  Limestone. 


6.  Leptena  Limestone  of  Tornquist. 
5.  Upper  Graptolite  Shales. 
4.  Brachiopoa  Shales  P 


The  Leptena  Limestone  of  Tornquist  he  placed  upon  a  higher 
borizon  than  the  highest  of  the  fossil-bearing  zones  of  his  native 
Westrogothia. 

In  Jemtland  the  Palsdozoio  strata  appear  to  be  locally  metamor- 
phosed, and  the  study  of  the  succession  is  much  more  difficult 
Nevertheless,  Linnarsson  was  able  to  make  out  a  similar  succession 
consisting  of  the  following  members  : — 


8.  Pentamems  Limestone. 

7.  (?) 

6.  Chasmops  and  Graptolite  Beds. 

5.  Orthoceras  Limestone. 


4.  Lower  Graptolite  Beds. 

3.  Ceratopyge  Limestone? 

2.  Alum  Shales. 

1.  Quartz  ite. 


In  the  summer  of  1872  Linnarsson,  in  order  to  gain  information 
bearing  upon  the  survey  of  the  Swedish  district  embraced  in  the 
sheet  Latorp,  made  a  scientific  tour  through  Central  Europe  and  the 
Bnssian  Baltic  Provinces.  In  Copenhagen  he  studied  the  fine  collec- 
tion of  Lower  Palaeozoic  fossils  collected  by  Prof.  Johnstrup  from 
the  rocks  of  Bomholm.  Thence  he  proceeded  to  Berlin,  where  he 
studied  the  assemblage  of  Palaeozoic  fossils  collected  by  Bey  rich  and 
others  from  the  erratic  blocks  of  the  drift  of  Northern  Germany. 
His  personal  acquaintance  with  the  Swedish  succession  led  him  to 
tlie  conclusion  that  few  of  these  erratics  could  have  been  brought 
from  Southern  Sweden,  but  that  the  vast  majority  had  their  sources 
in  the  islands  of  the  central  parts  of  the  Baltic — Gothland,  Olaud, 
and  Oesel.  From  Berlin  Linnarsson  proceeded  to  Dresden,  ex- 
amined the  mineralogical  collection  of  that  city,  and  made  a  brief 
study  of  the  geology  of  the  neighbourhood  under  the  guidance  of 
the  veteran  Geinitz. 

The  Primordial  region  of  Hof  was  next  examined,  and  on  the 
ground  of  the  facies  of  the  Trilobite  fauna,  Linnarsson  reached  the 
conclusion  that  its  typical  zones  belonged  rather  to  the  second  than 
to  the  firat  fauna  of  the  Cambrian. 

A  delightful  three  weeks  was  next  spent  in  the  study  of  the 
classic  rocks  and  fossils  of  Bohemia.  Linnarsson  was  guided  through 
the  treasures  of  the  magnificent  collection  at  Prague  by  the  ill  us- 
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trious  Barrande  himself,  and  aooompanied  by  him  to  several  of  the 
more  important  geological  localities  in  the  field.  His  chief  object 
ivas  the  collection  of  material  for  instituting  a  compaiison  between 
the  Bohemian  succession  and  that  of  his  native  land ;  and  in  this  he 
was  remarkably  successful.  His  parallelism  of  the  several  forma- 
tions of  the  Lower  PalsBozoic  sequence  of  the  two  countries  is  by 
far  the  best  yet  instituted,  and  is  likely  to  hold  its  own  until 
Barrande  himself  makes  known  a  more  fully  detailed  description  of 
the  rocks  and  fossils  of  Bohemia.  According  to  Linnarsson, 
Barrande's  Primordial  Zone  of  Skrey  represents  merely  the  lower 
half  of  the  Swedish  Cambrian — the  upper  or  Olenus  division  being 
wanting  in  Bohemia.  Etage  D.  represents  the  whole  of  the 
Swedish  beds  of  the  second  fauna.  The  zones  D  1 — D  4  answer 
collectively  to  the  Swedish  formations  Ceratopyge  Limestone,  Lower 
Graptolite  Shales,  Orthoceras  Limestone  and  the  Chasmops  Lime- 
stone. Zone  D  5  answers  precisely  to  the  Trinucleus  Shales  of 
Sweden,  in  position  and  fossil  remains.  The  Brachiopod  Schists  of 
Sweden  appear  to  have  no  equivalent  in  Bohemia,  but  the  Upper 
Graptolite  Schists  correspond  to  the  Graptolitic  Shales  at  the  base  of 
Barrande's  Etage  E.  E.  L  The  Gothland  Limestone  stands  generally 
in  the  place  of  the  Bohemian  Etage  E.  E.  1  and  2,  but  the  Etages 
F.  G.  and  H.  of  Barrande  are  utterly  wanting  in  Scandinavia. 

Linnarsson  devoted  special  attention  to  the  phenomena  of  tlie 
''Colonies"  of  Bohemia;  and,  judging  from  what  he  examined  of  the 
localities,  he  considered  that  such  stratigraphical  evidence  as  was 
apparent  supported  the  views  of  Barrande  himself. 

From  Bohemia  Linnarsson  travelled,  by  way  of  Breslau,  to  St, 
Petersburg  and  the  Russian  Baltic  Provinces,  and  spent  three  weeks 
in  the  study  of  the  Lower  Palsaozoic  rocks  and  fossils  of  this  region, 
in  part  under  the  guidance  of  Magister  Schmidt.  The  material  he  col- 
lected furnished  him  with  the  means  of  instituting  a  parallel  between 
the  Lower  Palaeozoic  rocks  of  Eussia  and  Sweden,  comparable  with 
that  worked  out  for  Bohemia.  According  to  Linnarssou*s  scheme, 
the  deepest  stratum  visible  in  the  Baltic  Provinces — the  Blaue  Then 
of  Schmidt — answers  generally  to  the  Eophyton  Sandstone  or  basal 
sandstone  of  Sweden.  The  well-known  Unguliten  Sandstein  re- 
presents the  Swedish  Fucoid  sandstone.  The  Paradoxides-bearing 
or  Lower  division  of  the  Primordial  zone  has  no  recognizable  re- 
presentative in  Russia ;  but  the  Thonschiefer  mit  Dictyonema  of 
Schmidt  is  most  distinctly  the  same  zone  as  the  Dictyonema  shale  or 
Upper  Olenus  beds  of  Sweden.  The  Ceratopyge  Limestone  and 
Lower  Graptolite  Schists  of  Scandinavia  are  apparently  wanting  in 
the  Baltic  Provinnes,  but  the  great  Pleta  or  Vaginaten  Limestone 
stands  unquestionably  in  the  place  of  the  Swedish  Orthoceras  Lime- 
stone. Schmidt^s  Brandschiefer  Linnarsson  paralleled  doubtfully 
with  his  own  Chasmops  Limestone  and  Middle  Graptolite  Schist,  and 
the  Bornholmsche  Schist  with  the  Swedish  Leptena  Limestone. 

In  the  summer  of  1873  Linnarsson  mapped  the  Lower  PalsBOzoio 
region  of  Nerike  in  Central  Sweden,  where  he  recognized  a  well- 
marked  succession  of  Annelide-bearing  sandstones  lying  unoonfonn- 


Prof.  C.  Lapworth — Life  and  Works  of  Linnarsson.      121 

•bly  upon  the  Aichaoan,  and  supporting  a  series  of  shales,  represent- 
iDg  the  Alam  Shales  of  the  south  io  hoth  divisions,  and  containing 
the  typical  Primordial  fossils.  Above  these  suooeeded  a  limestone 
representative  of  the  Orthoceras  Limestone  of  the  south,  containing 
an  abandance  of  the  usual  characteristic  forms. 

Before  pablishing  these  discoveries,  Linnarsson  made  a  tour  of 
investigation  through  the  Lower  Palaeozoic  district  of  Scania,  in 
Southern  Sweden,  already  made  familiar  to  geologists  through  the 
publications  of  Angelin  and  his  predecessors,  and  more  recently 
throagb  the  papers  of  Dr.  Tornquist  This  tour  was  prolific  of  the 
most  brilliant  results.  Linnarsson  discovered  proofs  of  his  own  views 
of  the  sacoession  at  every  stage,  and  was  able  to  satisfy  geologists  of 
its  identity  with  that  already  worked  out  by  himself  in  Westrogothia. 
In  addition,  he  ventured  to  parallel  some  of  the  formations  with 
their  British  equivalents.     His  arrangement  is  as  follows  : — 

12.  Upper  Graptolite  Shales  (=  Coniston  and  Gala  Groups  of  Britain). 
11.  Brachiopod  Shales. 
10.  TrinucleiiB  Shales. 

9.  Chasmops  LLmestone. 

8.  Middle  Graptolite  Schists  (divisible  into  three  zones,  and  represented  in  Britain 
by  the  Llandeilo  Beds  and  Moffat  Shales). 

7.  Orthoceras  Limestone. 

6.  Lower  Graptolite  Shales  (^the  Skiddaw  Slate  of  England). 

5.  Ceratopyge  Limestone. 

4.  Bictyonema  Beds. 

3.  Olenus  Beds  (=the  Lingnla  Flags  of  Britain). 

2.  Paradoxides  Beds  (=the  Menevian  of  Britain). 

1.  Sandstone. 

In  addition,  the  more  recent  Elinte  Sandstone  was  noticed,  and 
assigned  to  the  Ludlow,  a  parallelism  already  arrived  at  by  Lundgren. 
The  new  title  of  Dictyonema  Shales  was  proposed  by  Linnarsson  for 
the  highest  zone  of  the  Alum  Shales  with  Dictyonema,  answering 
to  part  of  the  Tremadoc  Shales  of  North  Wales. 

During  the  same  year  Linnarsson  wrote  the  description  illus- 
trating the  sheet  "  Latorp  "  of  the  Swedish  Survey,  including  in  the 
memoir  the  results  of  his  discoveries  to  this  date,  and  giving  much 
valuable  original  matter  respecting  the  character  and  arrangement  of 
the  crystalline  strata  and  the  superficial  accumulations  of  the  country. 

In  a  paper  on  the  Brachiopoda  of  the  Paradoxides  beds  of  Sweden, 
published  during  the  year  1875,  Linnarsson  for  the  first  time  sepa- 
rated the  Lower  Cambrian  or  Paradoxides  beds  of  Sweden  into 
their  natural  subdivisions.  The  zones  he  recognized  are  given  as 
follows : — 

6.  Beds  with  AgnoHus  lavigatus, 

6.  ,,         Paradoxide*  Forchhammeri, 

4.  „  ,,  6landint9, 

3.  ,,  ,,  Datfidia. 

2.  „  „  Teaaini. 

1.  „  „  Kjerulji. 

Tlie  zone  with  P.  Olandtcus  was  referred  to  the  fourth  place  in  the 
leries  with  doubt,  and  it  is  only  within  the  past  few  months  that  its 
true  place  has  been  found  by  Dr.  Nathorst  to  lie  between  Zones  1  &  2. 

The  summer  of  1875  was  devoted  by  Linnarsson  to  the  invest!^ 
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tioQ  of  the  Palaeozoic  strata  of  Ostrogothia ;  but  he  also  made  a  brief 
tour  to  the  islands  of  Gothland  and  Oesel. 

He  published  a  small  memoir  descriptive  of  his  work  in  the  latter 
island  in  the  following  year,  and  discussed  the  question  of  the 
natural  arrangement  of  its  fossiliferous  rocks. 

In  the  year  1876  also  he  contributed  a  paper  to  the  pages  of  the 
Geological  Magazine,  drawing  a  careful  comparison  between  the 
oldest  fossiliferous  strata  of  Northern  Europe  and  those  of  Britain, 
and  contending  that  the  oldest  Scandinavian  strata  and  fossils  are  at 
least  of  equal  antiquity  with  those  Cambrian  fossiliferous  deposits 
discovered  by  Dr.  Hicks  in  the  neighbourhood  of  St  Davids. 

{Tobi  concluded  in  our  next  Number,) 
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I. — TbaitI:  de  GtoLOGiE.  Par  A.  Db  Lapparent,  Professeur  ^ 
rinstitut  Catholique  de  Paris.  Fasc.  1-4.  (Paris,  1881 :  F. 
Savy.) 

OF  the  manuals  devoted  to  the  study  of  geological  science  in 
France,  few  only  appear  to  be  adapted  to  the  requirements 
of  the  advanced  student,  or  have  the  detailed  character  of  some  of 
those  published  in  Germany,  America,  and  England,  by  Credner, 
Naumann,  Dana,  Lyell,  or  Jukes.  Apparently  the  most  important^ 
certainly  for  the  time,  are  the  Traits  de  Geognosie,  1819,  by 
D'Aubuisson  de  Voisins,  and  the  Nouveaux  Elements  of  M.  Huot  in 
1837.  The  valuable  Lemons  de  Geologie  pratique,  by  Elie  de  Beau- 
mont, and  the  later  works  of  Beudant,  Gosselet.  Leymerie,  Vezian, 
Contejean,  D'Halloy,  Haulin,  and  Lambert  are  satisfactory  and  useful 
elementary  manuals,  but  not  quite  so- full  of  details  as  the  works 
of  the  authors  above  noticed. 

To  supply  this  deficiency,  and  to  systematize  the  leading  facts  and 
principles  of  the  science  according  to  his  view  of  placing  them 
before  the  student,  has  been  the  object  of  M.  de  Lapparent  in  this 
new  treatise  of  geology,  and  which,  doubtless,  embodies  the  method 
of  instruction  given  by  him  as  Professor  at  the  Catholic  Institute  of 
Paris  during  the  last  six  3'ears. 

A  practical  field  geologist  of  the  school  of  £lie  de  Beaumont, 
and  as  co-editor  for  fifteen  years  with  the  late  M.  Delesse,  of  the 
Eevue  de  Geologie  (now  unfortunately  suspended),  has  made  him 
acquainted  with  a  wide  range  of  geological  literature  and  the  facts 
and  opinions  of  numerous  authors,  and  thus  materially  assisted 
in  the  preparation  of  this  work,  not  without,  however,  feeling  the 
difficulties  of  the  task,  but  with  the  hope  "en  Tadaptant  aux 
nccessites  de  la  science  actuelle,  Tensignment  des  maitres  qui  lui 
ont  ouvert  la  voie." 

The  introduction  contains  a  definition  of  the  subject,  an  exposi- 
tion of  the  methods  and  application  of  geology,  and  a  short  sketch 
of  the  history  of  the  science.    According  to  the  principles  explained 
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in  the  introduction,  the  work  will  be  divided  into  two  seotions,  the 
first  of  which  will  be  devoted  to  the  study  of  present  phenomena, 
under  the  heads  of  terrestrial  morphology,  physiography,  and  to 
the  external  and  internal  dynamical  agencies. 

The  second  section  will  treat  of  geology  proper  or  the  study  of 
the  phenomena  of  past  time,  such  as  the  general  composition  of  the 
earth's  crust,  the  sedimentary  strata  or  those  of  external  ongin,  the 
eruptive  rocks  or  those  of  internal  origin,  the  changes  and  disloca- 
tions which  the  crust  of  the  globe  has  undergone,  and  the  various 
geological  theories. 

The  first  three  Livraisons  comprise  some  of  the  phenomena 
belonging  to  the  first  section,  and  show  considerable  attention  to 
the  selection  and  arrangement  of  the  facts  bearing  on  the  principles 
of  geology  and  the  causes  at  present  in  operation. 

The  fourth  Livraison  concludes  the  account  of  the  most  important 
geysers,  as  those  of  Iceland,  New  Zealand,  Yellowstone  Park,  and 
the  Azores,  treating  of  their  chemical  phenomena,  and  the  origin  of 
the  siliceous  and  calcareous  substances  deposited  by  them. 

The  other  evidences  of  declining  volcanic  activity,  as  Suffioni, 
thermal  springs,  gaseous  exhalations  of  carbonic  acid  (mofietes) 
and  of  hydrocarbons,  are  succinctly  treated,  M.  de  Lapparent  con- 
sidering that  the  *'  ensemble  "  of  volcanic  phenomena  from  the  most 
violent  paroxysms  to  the  simple  mofettes  form  one  continuous  and 
admirable  ordinate  series. 

The  fourth  section,  which  concludes  the  first  part  of  the  work, 
describes  the  various  facts  and  phenomena  connected  with  earth- 
quakes (in  which  the  views  of  Mr.  Mallet  and  other  authors  are 
fully  considered),  and  of  the  oscillations  of  the  earth's  crust,  in 
relation  to  the  elevation  of  shore-lines,  and  of  land-surfaces,  the 
author  observing,  that  the  great  movements  of  the  crust  of  the 
globe  and  the  various  volcanic  manifestations  are  chiefly  due  to  the 
progressive  cooling  of  the  inner  igneous  nucleus. 

llie  second  part,  or  geology  proper,  commences  with  a  description 
of  the  mineral  constituents  of  rocks,  either  as  essential  or  accessory 
minerals,  followed  by  an  account  of  the  chemical  and  mechanical 
processes  for  the  examination  of  rocks,  and  of  their  classification, 
under  which  the  author  proposes  three  main  divisions, — acid,  basic, 
and  neutral  rocks:  these  are  again  divided  into  an  ancient  and  a 
modem  series,  with  a  further  subdivision  based  upon  their  texture, 
as  the  granitoid,  trachytoid  and  vitreous  types.  Three  tables  are 
given,  pp.  579,  591,  and  606,  showing  the  kinds  of  rocks  belonging 
to  each  division,  and  an  appendix  on  meteorites. 

The  work  will  consist  of  seven  parts,  forming  a  volume  of  about 
1100  pages,  with  500  illustrations,  so  that,  when  completed,  in 
the  same  methodical  and  instructive  manner  as  the  portion  already 
published,  it  will  form  a  valuable  manual  of  physiography  and 
geology  both  for  the  general  reader  and  the  advanced  student  of 
file  science.  J-  M. 
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II. — Introductory  Text- Book  of  Physical  Geography.  By  the 
late  David  Page,  LL.D.,  F.G.S.  Tenth  Edition,  Kevised  and 
Enlarged  by  Professor  C.  Lapworth,  F.G.S.,  etc.  (Edinburgh 
and  London,  1881  :  W.  Blackwood  and  Sons.) 

THE  Text-book  of  Physical  Geography  by  the  late  Dr.  Page 
having  reached  the  tenth  edition  is  fair  evidence  of  its  being  a 
satisfactory  and  useful  introduction  to  the  subject.  The  present 
edition  has  been  prepared  by  Prof.  Lapworth,  who  has  carefully 
revised  and  enlarged  it,  so  as  to  bring  up  the  information  it  contains 
to  the  present  date.  Certain  corrections  and  additions  have  been 
made  throughout  from  information  derived  from  the  later  researches 
and  speculation  bearing  on  physics,  meteorology,  and  biology.  The 
additional  matter  has  been  illustrated  by  some  new  maps,  but  no 
changes  have  been  made  in  the  original  textual  arrangement  of  this 
little  treatise,  which  is  intended  to  convey  in  a  systematic  manner 
the  leading  facts  of  the  science  to  which  it  relates.  J.  M. 

III. — The  Geology  of  the  Neighbourhood  of  Stowharkbt.  By 
W.  Whitaker,  F.  J.  Bennett,  and  J.  H.  Blake.  8vo.  pp.  26. 
Price  1«.     (London,  1881.) 

THE  systematic  labours  of  the  Geological  Survey  of  England 
furnish  us,  from  time  to  time,  with  descriptions  of  little-  known 
districts,  of  which  the  work  before  us  is  an  example.  It  is  trae 
that,  in  his  extended  survey  of  the  glacial  deposits  of  the  East  of 
England,  Mr.  S.  Y.  Wood  has  drawn  attention  to  some  of  the 
sections  in  the  country  now  described  in  detail ;  but  none  of  these 
appear  to  be  sufficiently  fossiliferous,  or  to  present  other  features  to 
tempt  amateurs  and  to  awaken  controversy.  The  greater  part  of 
the  area  is  covered  by  the  Chalky  Boulder-clay,  beneath  which  are 
found  certain  beds  of  brickearth,  gravel  and  sand,  traces  of  Reading 
Beds  and  Thanet  Sands,  and  possibly  also  of  Crag ;  while  the  Chalk 
underlies  all.  This  area  is  contained  in  Quarter-sheet  60  S.W.  of 
the  Survey-map,  and  includes  the  towns  of  Bildeston,  Lavenham, 
Mendlesham,  Needham  Market,  and  Stowmarket.  It  should,  how- 
ever be  mentioned  that  a  deep  well  at  Combs  penetrated  the  Chalk 
(843^  feet)  to  the  Gault  and  Greensand  beneath.  Overlying  the 
beds  before  mentioned  are  later  deposits  of  brickearth,  gravel,  and 
sand  (grouped  as  Post-Glacial),  and  alluvium.  Perhaps  the  most 
interesting  deposit  is  that  seen  in  the  brickyards  at  Woolpit,  where, 
according  to  Mr.  Blake,  the  bed,  a  laminated  brickearth,  has  been 
worked  since  the  time  of  Queen  Elizabeth,  and  furnishes  excellent 
white  bricks.  This  deposit  occurs  directly  beneath  the  Boulder-clay, 
and  in  point  of  age  may,  perhaps,  be  compared  with  the  bed  at 
Thetford,  grouped  by  Mr.  Skertchly  with  his  "Brandon  Beds." 
Mr.  Whitaker,  however,  is  inclined  to  regard  the  brickearths  that 
underlie  the  Boulder-clay  in  this  district  as  lenticular  masses  in 
the  gravels  and  sands  (="  Middle  Glacial "  of  Mr.  Wood). 

A  number  of  well -sections  give  additional  value  to  this  Memoir, 
which  is  edited  by  Mr.  Whitaker,  although  the  greater  part  of  the 
field-work  was  done  by  Mr.  Blake.  H.  B.  W. 
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Geolooioal  Society  of  London. 

L— January  11,  1882.— R  Etberidge,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  ''  On  the  Chalk  masses  or  Boulders  included  in  the  Contorted 
Drift  of  Cromer,  their  Origin  and  Mode  of  Transport."  By  T. 
Mellard  Reade,  Esq.,  F.G.S. 

The  author  referred  to  the  occurrence  in  the  Contorted  Drift  of 
Cromer  of  large  masses  of  chalk,  and  came  to  the  following  conclu- 
sions:— The  travelled  masses  are  derived  from  sea-cliffs  and  the 
result  of  landslips,  aided  by  the  penetration  of  water  forming  ice, 
intrusive  in  fissures  which  detached  them  from  the  parent  rocks. 
Water  rising  from  subterranean  sources  accumulated  as  ice  around 
the  fallen  masses,  and  was  then  frozen  into  the  shore- ice.  Ice-floes 
brought  into  contact  with  these  masses  were  also  frozen  into  them, 
forming  a  raft  capable  of  floating  away  the  boulders.  The  incline 
of  the  shore  and  the  rise  and  fall  of  the  tides  on  the  breaking  up  of 
the  ice  would  suffice  to  launch  the  rafts  into  the  sea,  and  they 
probably  floated  in  water  not  more  than  200  feet  deep.  The  fre- 
quency of  these  boulders  and  their  accumulation  in  the  Cromer 
deposit  points  to  their  having  been  arrested  by  the  shoaling  of  the 
water  and  by  stranding  on  a  submarine  bank.  The  nature  of  the 
chalk  showed  that  they  bad  not  travelled  far. 

2.  "  Observations  on  the  two  types  of  Cambrian  beds  of  the 
British  Isles  (the  Caledonian  and  Hibemo-Cambrian),  and  the  con- 
ditions under  which  they  were  respectively  deposited."  By  Prof. 
Edward  Hull,  LL.D.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  pointed  out  the  distinctions  in  mineral 
character  between  the  Cambrian  beds  of  the  North-west  Highlands 
of  Scotland  and  their  assumed  representatives  in  the  east  of  Ireland 
and  in  North  Wales.  In  the  former  case,  which  included  the  beds 
belonging  to  the  "  Caledonian  type,"  the  formation  consists  of  red  or 
purple  sandstones  and  conglomerates ;  in  the  latter,  which  included 
the  beds  belonging  to  the  **  Hiberno-Cambrian  type,"  the  formation 
consists  of  hard  green  and  purple  grits  and  slates  contrasting  strongly 
with  the  former  in  structure  and  appearance. 

These  differences  the  author  considered  were  due  to  deposition  in 
distinct  basins  lying  on  either  side  of  an  Archaean  ridge  of  crystalline 
rocks  which  ranged  probably  from  Scandinavia  through  the  central 
highlands  of  Scotland,  and  included  the  north  and  west  of  Ireland, 
with  the  counties  of  Donegal,  Derry,  Mayo,  Sligo,  and  Galway — in 
all  of  which  the  Cambrian  beds  were  absent, — so  that  the  Lower 
Silurians  repose  directly  and  unconformably  on  the  crystalline  rocks 
of  Laurentian  age. 

As  additional  evidence  of  the  existence  of  this  old  ridge,  the  author 
showed  that  when  the  Lower  Silurian  beds  were  in  course  of  forma- 
tion, the  Archaean  floor  along  the  west  of  Scotland  must  have  sloped 
upwards  towards  the  east ;  but  he  agreed  with  Professor  Bamsay 
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that  the  crystalline  rocks  of  the  Outer  Hebrides  formed  the  western 
limit  of  the  ('ambrian  area  of  deposition,  and  that  the  basin  was  in 
the  form  of  an  inland  lake. 

On  the  other  hand,  looking  at  the  fossil  evidence  both  of  the  Irish 
and  Welsh  Cambrian  beds,  he  was  of  opinion  that  the  beds  of  this 
basin  were  in  the  main,  if  not  altogether,  of  marine  origin,  and  that 
the  basin  itself  had  a  greatly  wider  range  eastward  and  southward, — 
the  old  Archeean  ridge  of  the  British  Isles  forming  but  a  small  por- 
tion of  the  original  margin. 

3.  "  The  Devonian-Silurian  Formation."  By  Prof.  E.  Hull,  LL.D., 
F.B.S.,  F.G.S. 

The  beds  which  the  author  proposed  to  group  under  the  above 
designation  are  found  at  various  parts  of  the  British  Isles,  and  to  a 
slight  extent  on  the  Continent.  The  formation  is,  however,  eminently 
British,  and  occurs  under  various  local  names,  of  which  the  follow- 
ing are  the  principal : — 

England  and  Walibs. 

Devonshire. — The  Foreland  Grits  and  Slates  lying  below  the 
Lower  Devonian  beds  ("Lynton  Beds"). 

Welsh  Borders. — "The  passage-beds"  of  Murchison,  above  the 
Upper  Ludlow  Bone-bed.  and  including  the  Downton  Sandstone,  and 
rocks  of  the  ridge  of  the  Trichrug.  These  beds  form  the  connecting 
link  between  the  Estuarine  Devonian  beds  of  Hereford  (generally, 
but  erroneously,  called  the  **  Old  Bed  Sandstone ")  and  the  Upper 
Silurian  Series. 

South-east  of  England  (Sub-Cretaoeous  district). — The  author  as- 
sumed, from  the  borings  at  Ware,  Tumford,  and  Tottenham  Court 
Hoad  described  by  Mr.  Etheridge,  that  the  Devono-Silurian  beds  lie 
concealed  between  1'ottenham  Court  on  the  south  and  Hertford  and 
Tumford  on  the  north. 

Ireland. 

South.— ''The  Dingle  Beds,"  or  '•  Glengariff  Grits  and  Slates," 
lying  conformably  on  the  Upper  Sibirian  Beds,  as  seen  in  the  coast 
of  the  Dingle  promontory  and  overlain  unconformably  by  either  Old 
Bed  Sandstone  or  Lower  Carboniferous  beds,  10,000  to  20,000  feet 

North. — "  The  Fintona  Beds,"  occupying  large  tracts  of  London- 
derry, Monaghan,  and  Tyrone,  resting  unconformably  on  the  Lower 
Silurian  beds  of  Pomeroy,  and  overlain  unconformably  on  the  Old 
Bed  Sandstone  or  Lower  Carboniferous  beds,  5000  to  6000  feet  in 
thickness. 

Scotland. 

Beds  of  the  so-called  "  Lower  Old  Red  Sandstone,"  with  fish  and 
crustaceans,  included  in  Professor  G^ikie's  "Lake  Orcadie,  Lake 
Caledonia,  and  Lake  Cheviot,"  underlying  unconformably  the  Old 
Bed  Sandstone  and  Lower  Calciferous  Sandstone,  and  resting  unoon- 
formably  on  older  crystalline  rocks.  Thickness  in  Caithness  about 
16.000  feet. 

The  author  considered  that  all  these  beds  were  i-epresentative  of 
one  another  in  time,  deposited  under  Lacustrine  or  Estuarine  con- 
ditions, and,  as  their  name  indicated,  forming  a  great  group  inter- 
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mecliate  between  the  Silurian  on  the  one  hand  and  the  Devonian  on 
the  other.  He  also  submitted  that  their  importance,  as  indicated  by 
their  great  development  in  Ireland  and  Scotland,  entitled  them  to  a 
diBtinotive  name  such  as  that  proposed. 


n.— January  26,  1882.— B.  Etheridge,  Esq.,  F.R.S.,  President,  in 
the  Chair. 

The  following  communications  were  read : — 

1.  "  On  the  Fossil  Fish-remains  from  the  Armagh  Limestone  in 
the  Collection  of  the  Earl  of  Enniskillen."  By  James  W.  Davis, 
Esq.,  F.Q.S.,  F.L.S. 

The  author  described  in  this  paper  a  large  collection  of  fossil  fish- 
remains  at  present  at  Florence  Court,  Euniskillen,  but  which  will 
soon  be  removed  to  the  new  Natural  History  Museum  in  the  Crom- 
well Road.  The  collection  comprises,  besides  specimens  collected  by 
the  Earl  of  Euniskillen  from  the  Carboniferous  Limestone  of 
Armagh,  a  large  series  acquired  from  the  famous  collection  of  the 
late  Captain  Jones,  M.P.,  the  remaining  portion  of  which  is  in  the 
Oeological  Muaeum  of  Cambridge.  Several  genera  and  species  were 
described  by  Prof.  Agassiz  in  his  "  Becherches  sur  les  Poissons 
Fossilea"  (1833-43),  and  again  referred  to  by  (General)  J.  E.  Portlock, 
F.B.S.,  in  his  "  Beport  on  the  Geology  of  Londonderry  and  parts  of 
Tyrone  and  Fermanagh"  (1843). 

In  1854  Prof.  M*Coy  described  many  new  genera  and  species  in 
his  work  on  the  "  British  Palaeozoic  Bocks  and  Fossils,"  principally 
derived  from  a  study  of  the  portion  of  Capt  Jones's  collection 
deposited  in  the  Cambridge  Museum.  Prof.  Agassiz  paid  a  visit  to 
Florence  Court  in  1858,  and  appended  names  to  some  of  the  fossil 
teeth  in  Lord  Enniskillen's  cabinets,  intending  to  describe  and  figure 
the  new  forms,  and  to  revise  the  whole  of  his  former  work.  His 
death  prevented  this  intention  from  being  carried  into  effect  As  far 
as  possible  the  determinations  of  Prof.  Agassiz  have  been  adhered 
to  in  the  present  paper. 

The  detached  and  isolated  condition  in  which  the  remains  are 
found  renders  any  appreciation  of  the  relationship  of  the  teeth  and 
spines,  or  even  of  the  teeth  only,  to  each  other  extremely  uncertain 
and  difficult.  Some  speculations  as  to  the  probable  organization  and 
characteristics  of  the  Carboniferous  fishes  which  they  represent, 
evolved  during  a  long  consideration  of  the  specimens,  have  therefore 
been  postponed  to  a  future  opportunity. 

The  following  is  a  list  of  the  genera  and  species  described  in  the 
paper : — 

Clenacanihiis  pltcatiltSy  C.  duhiuSy  C.  Icevts,  C.  pustulatus,  C.  tvbereu^ 
hitts,  Compsacanihus  carinattiSy  Cosmacanthns  marginatuSy  C,  carinatua, 
Uspacanthus  relrogradus,  Cladacanthus  paradoxuSf  C.  major,  Qnaiha- 
eanthus  trtangidaria,  Cladodus  polyodon,  C.  curvus,  C  destructor, 
Carcharopsis  Colei,  Copodiis  cornutus,  C.  furcatus,  C.  spatulatus, 
C.  minimus^  Labodus  prototypua,  L,  planns,  Mesogomphua  lingua^ 
PleuragompJius  auriculatus,  Bhymodus  transversus,  B.  oblongus,  Cha' 
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racodus  angulatus,  C,  luneatuSf  Pinacodus  gonoplax,  P.  gelasiy  Dimyhvs 
Woodif  Mylax  hatoideSy  Mylacodus  quadratus,  M,  Sesarma,  Homa- 
lodus  trapeziformts,  H,  quadratus^  Petalodus  quadratus,  P.  reeurvus, 
P.  inequilateralis,  Polyrhizodvs  magnus^  P.  dolei,  P.  .eiongatuSy  P. 
sinuoaus^  P.  attenuattui,  P.  constrtctus,  Chomatodtu  linearis,  C,  acutuSy 
CRossodus  marginatus,  Harpacodiis  dentatus,  H,  clavatus,  Streblodus 
oblongus,  8.  Colei,  8,  Lgertoni,  Deltodus  sublavis,  D.  expansus,  D, 
nobilis,  Deltoptychius  acutus,  D.  gihberulus,  8andaIodus  Morrisiif 
Psephodus  magnus,  Poecilodus  Jonesii,  P.  gihbosus,  Tomodua  canvexus, 
Xyatrodus  striatus,  X,  angustus,  X,  Egerioni,  Helodus  crassus,  H,  tenuis, 
H.  clavatus,  H,  dilatatus,  H,  acutus,  H.  Richmondensis,  H,  triangularis, 
H.  biconus,  H.  expansus,  Bhamphodus  dispar,  Petalorhynehus  psitta- 
cinus,  Pristodus  falcatus. 

2.  <<  On  an  extinct  Chelonian  Beptile  {Notoehelys  eostata,  Owen) 
from  Australia."     By  Prof.  Owen,  C.B.,  F.R.S.,  F.G.S. 

The  fossil  reptilian  remains  hitherto  transmitted  to  the  author  from 
Australia  have  been  limited  to  parts  of  the  skeleton  of  Megnlania 
prisca,  Owen.  The  present  specimen,  sent  last  year  by  Professor 
Liversidge,  is  the  first  fossil  Chelonian.  The  specimen  was  found 
in  a  formation  at  Blinder's  Biver,  Queensland,  of  which  the  nature 
and  age  are  not  stated.  It  is,  however,  petrified.  The  fossil  con- 
sists of  the  anterior  portion  of  the  carapace  and  of  the  plastron, 
brought  into  unnaturally  close  contact  by  posthumous  pressure.  A 
minute  description  of  the  several  parts  was  given,  from  which  the 
author  concluded  that  though  the  characters  of  the  carapace  might 
be  interpreted  as  identifying  the  Chelonian  with  a  true  turtle 
{Chelone),  those  of  the  plastron  show  the  well-marked  distinctions 
of  Trionyx  and  Chelys,  On  the  whole,  however,  the  modifications, 
especially  of  the  carapace,  show  a  nearer  affinity  to  the  marine 
turtles  (Chelone)  than  the  known  Chelydrians  exhibit,  and  indicate 
a  more  generalized  type. 

3.  "  On  the  Upper  Beds  of  the  Fifeshire  Coal -Measures."  Bv  the 
late  E.  W.  Binney,  Esq.,  F.R.S.,  F.G.S.,  and  James  W.  Kirkby,  Esq. 

These  beds  are  best  exposed  in  Fife,  between  the  mouth  of  the 
Leven  and  EastWemyss.  The  Coal-field  of  the  latter  district  is  the 
most  northerly  piece  of  true  Coal-measures  in  Britain ;  they  dip 
10°  E.,  or  even  less.  The  highest  member  (which  may  possibly  be 
even  later  than  the  Carboniferous  Period)  is  an  unfossiliferous 
purplish  sandstone,  full  200  feet  thick ;  next  comes  soft  red  marl, 
12  feet,  followed  by  sands,  290  feet,  marls,  clays,  etc.,  100  feet,  and 
sandstones,  clays,  etc.,  with  thin  coal  and  limestones,  about  80  feet 
Other  sections  were  also  described.  No  unconformity  has  been 
noticed  in  Fifeshire  between  these  and  the  underlying  measures. 
The  argillaceous  limestones  and  their  coals  are  fossiliferous ;  there 
are  a  few  fish  and  Crustacea,  and  many  plants,  with  some  curious 
markings,  which  may  be  rootlets  or  perhaps  algsB.  The  last  occur 
only  in  a  limited  part  of  the  rock,  not  with  other  plants,  and  are 
very  delicate  and  membranous.  The  affinities  of  these  were  folly 
discussed,  the  author  inclining  to  the  view  that  they  are  algse. 
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IIL— February  8,  1882.— B.  Etheridge,  Esq.,  F.B.S.,  President, 
in  the  Chair. — The  following  communioations  were  read : — 

1.  "  Description  of  some  Iguanodon  Remains  discovered  at  Brook, 
Isle  of  Wight,  indicating  a  New  Species,  Iguanodon  Seelyi.**  By  J. 
W.  Hulke,  Esq.,  F.B.S. 

After  referring  to  the  Iguanodon  remains  preserved  in  the  Brussels 
Natural  History  Museum,  the  author  described  some  fossils  obtained  by 
him  in  1870  from  a  bed  between  the  red  and  purple  clays  and  the  flint 
gravel  capping  the  cliff  in  Brook  Bay.  The  ilium,  when  complete, 
was  not  less  than  124  centim.  long,  with  a  maximum  vertical  extent  of 
33  centim.  The  dorsal  border  is  stout  and  slightly  overhangs  the 
enter  surface.  The  prseacetabular  process  is  relatively  short,  and 
the  postacetabular  part  of  the  bone  tapers  more  than  in  Mantell's 
Iguanodon.  The  femur,  when  entire,  could  not  have  been  less  than 
108  centim.  long ;  the  girth  of  the  condyles  is  82  centim.,  and  their 
bieadth  32  centim. ;  the  tibia  is  shorter  than  the  femur.  Both 
metatarsi  demonstrate  the  existence  of  but  three  functional  toes; 
the  middle  metatarsal  is  the  longest,  attaining  35*5  centim.,  the 
outer  metatarsal  29  centim.,  and  the  inner  26  centim. ;  the  inner 
toe  has  three  phalanges,  the  middle  four,  and  the  outer  toe  five. 
The  toes  of  the  Iguanodon  therefore  correspond  to  the  second,  third, 
and  fourth  toes  of  Ilifpatlophodon,  The  ungual  phalanx  of  the 
inner  toe  is  17  centim.  long,  that  of  the  middle  toe  nearly  18  centim. 
long,  and  that  of  the  outer  toe  about  15*5  centim.  long. 

The  humerus  is  about  10  centim.  long.  Its  proximal  end  has  a 
well-developed  posterior  or  inner  process,  and  a  large  deltoid  crest. 
The  caudal  vertebrae,  three  probably  between  the  4th  and  the  10th 
in  this  series,  have  very  four-sided  articular  surfaces  suggestively 
like  those  hitherto  referred  to  Felorosaurus.  The  chevron  bones  are 
very  stout  and  long.  The  differences  in  their  ilia  show  this  and 
Manteirs  Iguanodon  to  be  specifically  distinct ;  and  with  this  new 
Iguanodon  the  author  connected  the  name  of  C.  Seely,  Esq.,  M.P., 
of  Brook  House,  in  recognition  of  his  courteous  permission  to 
excavate  the  cliff  for  the  recovery  of  the  fossils,  naming  it  Iguanodon 
Seelyi, 

1.  "  On  a  peculiar  Bed  of  Angular  Drift  on  the  high  Lower-Chalk 
Plain  between  Didcot  and  Chilton."  By  Prof.  J.  Prestwich,  M.A., 
F,R,S.,  F.Gr.S. 

In  making  a  railway  from  the  main  line  to  Chilton,  this  bed  of 
drift  was  cut  through  for  a  depth  of  about  1 J  mile.  It  lies  on  a  flat 
plain  extending  from  the  foot  of  the  escarpment  of  Upper  Chalk 
to  the  top  of  that  of  Lower  Chalk.  In  places  it  is  full  28  feet  thick. 
At  first  a  fine  chalk  rubble,  it  becomes  after  a  while  coarse,  and  is 
divided  by  clay-beds  into  an  upper  and  a  lower  deposit.  Here  small 
boulders  and  bones  occur,  the  latter  much  shattered;  but  Elephaa 
primigenius,  Rhinoceros  tichorhinus  (?),  Bison  prisons f  Cervus  taran- 
dus,  JSquus,  etc.,  have  been  identified.  The  boulders  are  Sarsen- 
stone,  and  there  are  small  fragments  of  flint.  Shells  of  Pupa 
mar^ina/a.  Helix  hispida,  and  II,  ptdcheUa  have  been  found.  The 
drift  (which  is  widely  spread)  is  from  loO  to  260  feet  above  tke 
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Thames,  at  highest  407  feet  above  the  sea.  The  author  compares 
it  with  the  rubble-beds  overlying  the  raised  beaohes  of  Sangatte  and 
Brighton.  It  is  anconnected  with  any  river-oourse,  is  not  of  marine 
origin,  and  its  materials,  where  not  local,  are  derived  from  the 
southward. 


DR.  CALLAWAY  verstu  MR.  G.  H.  KIN  AH  AN. 

Sib, — Mr.  Kinahan,  in  his  observations  in  your  current  issue  on 
my  paper,  "  On  the  Rocks  South  of  Wexford,"  which  appeared  in 
your  November  Number,  is,  I  think,  a  little  too  sweeping  in  his 
assertions.  It  is  incorrect  to  say  that  I  pronounced  his  work  wrong 
without  first  seeing  it.  I  examined  carefully  all  the  localities  he 
was  kind  enough  to  point  out,  and  others  which  seemed  likely  to 
throw  light  upon  my  special  investigation,  except  the  Saltee  Islands, 
which,  from  their  isolation,  could  have  no  bearing  on  the  question, 
and  the  Grossfamoge  section,  which  I  had  not  time  to  visit  It  was 
the  less  necessary  to  study  the  latter,  since  Mr.  Du  Noyer's  Map 
favoured  my  views,  and  Mr.  Kinahan's  own  descriptions  appeared 
to  me  to  admit  of  a  similar  interpretation.  I  believe  the  difference 
between  us  may  be  fairly  stated  thus :  Mr.  Kinahan  argues  that 
there  is  a  passage  between  the  metamorphic  rocks  and  the  series 
which  he  calls  Cambrian  (my  Pebidian),  because  these  are  inter- 
stratified  with  the  granitoid  and  gneissic  bands  of  the  former  beds 
of  schist  similar  to  the  adjoining  beds  of  the  latter.  I  hold  that 
there  in  no  passage,  not  only  because  there  is  a  distinct  break,  but 
also  because  the  schists  associated  with  the  gneiss  differ  widely 
from  the  so-called  Cambrians,  in  mineral  characters  and  degree  of 
alteration ;  the  schists  being  truly  metamorphic  (crystalline  and 
foliated),  while  the  "Cambrians"  are  merely  felspathic  shales,  slates, 
and  grits,  which,  having  undergone  some  alteration,  often  bear  a 
superficial  resemblance  to  the  true  schists.  If  this  statement  of  the 
case  is  correct,  the  issue  between  us  is  largely  one  of  lithology,  and 
the  value  of  our  observations  will  depend  upon  our  respective 
competence  to  distinguish  between  different  kinds  of  rocks.  I  can- 
not but  think  that  the  loose  views  which  have  prevailed,  as  to  what 
constitutes  a  true  passage  between  formations,  have  seriously  vitiated 
much  of  our  current  geology. 

I  am  rather  surprised  that  Mr.  Einahan  should  recommend  me  to 
visit  Yar-Connaugbt  with  a  view  of  ascertaining  whether  there  is 
a  passage  between  metamorphic  and  unaltered  Cambrian  in  the  area 
south  of  Wexford ;  especially  since  in  the  former  district,  accoi*ding 
to  Mr.  Einahan  himself  (Geology  of  Ireland,  p.  190),  the  meta- 
morphic rocks  graduate,  not  into  Cambrian,  but  into  ''Cambro- 
Siliirian." 

I  owe  Mr.  Einahan  an  apology  for  attributing  to  him  a  change  of 
front  in  describing  as  "Cambrian  "  rocks  which  he  had,  as  I  thought, 
previously  regarded  as  "  Cambro-Silurian."     As  he  is  the  author  of 
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the  Survey  Memoir  on  the  district  in  question,  I  naturally  inferred 
that  he  was  also  responsible  for  the  Map.  He  informs  me,  however, 
that  the  Map  issued  to  me  by  the  agents  of  the  Irish  Survey  is  an 
obsolete  edition  with  which  he  had  nothing  to  do.  I  am  happy 
to  vindicate  Mr.  Kinalian's  consistency,  but  I  cannot  think  that 
geologists  will  be  greatly  benefited  by  being  supplied  with  Maps 
which  a  prominent  member  of  the  Survey  declares  to  be  superseded. 

"Wbllinoton,  Saxop,  Dee,  22,  1881.  C.  Callaway. 


LAURENTIAN  ROCKS    IN    DONEGAL. 

Sib, — It  is  with  great  reluctance  that  I  feel  obliged  to  reply  to  the 
letter  of  Mr.  Einahan  which  appears  in  the  current  Number  of  the 
Gkoldgioal  Magazine,  as  it  might  be  supposed  by  some  who  may 
have  read  this  letter  that  I  have  been  endeavouring  to  take  from  my 
late  friend  and  preceptor.  Professor  Jukes,  the  credit  of  having  first 
made  the  discovery  of  Laurentian  rocks  in  Donegal,  and  in  other 
parts  of  Ireland — a  charge  which  I  unequivocally  deny. 

On  seeing  Mr.  Einahan*s  letter  in  the  December  Number  of  the 
Gkol.  Mao.  in  which  he  states  (p.  575),  '*  While  in  reality  the  ques- 
tion "  (of  the  existence  of  Laurentian  rocks  in  Donegal)  "  has  not 
been  worked  out  since  Jukes  first  suggested  they  were  Laurentian 
rocks,"  I  wrote  to  Mr.  Kinahan  to  ask  for  his  authority  for  this 
statement,  inasmuch  as  I  had,  when  reading  over  papers  on  the 
Geology  of  Donegal,  been  unable  to  find  anything  to  support  it. 
The  following  is  a  copy  of  my  letter  and  of  Mr.  Kiuahan's  reply  : — 

"Dublin,  6  Lee,  1881. 

"  Sib, — In  the  current  number  of  the  Geological  Magazine  there  appears  a 
letter  in  which  you  state  that  *  In  Donegal  we  are  now  tout  that  uiidoubtedlv  there 
are  Laurentian  rocks,  while  in  reality  the  question  there  has  not  been  worted  out 
fince  Jukes  fifHt  su<rs:<^t(?d  they  were  Laurentian  rocks.*  As  I  have  been  unable  to 
discover  any  suc'gcHtion  to  the  above  effect  in  the  writings  of  lVofe«8or  Jukes,  I 
would  be  obliged  to  you  to  inform  me  on  what  authority  you  have  made  the  above 
statement. — I  am.  Sir,  your  obedient  servant, 

**To  G.  H.  Kinahan,  Esq.  Edward  Hull.'* 

The  following  is  Mr.  Kinaban's  reply  (by  post-card) : — 

*'  Letters  like  that  about  the  Geol.  Majr.  have  no  official  bearinj?.  I  may  however 
tell  you  to  read  the  first  chapter  of  the  Geol.  of  Ireland  written  and  in  print  in  u.y 
book'before  the  Laurentian  craze  set  in. 

"  7.  xii.  81.  G.  H.  Kinahan." 

On  referring  to  tbe  pasaago  in  Mr.  Kinabati's  book,  ail  I  can  find 
bearing  on  the  subject  is  as  follows  : — **  Kocks  older  than  tbe  Cam- 
Irian  formation  are  not  known  in  Ireland  ;  but  Jukes  suggested  that 
some  of  the  highly  metamorphosed  rocks  of  tbe  North  of  Ireland 
might  possibly  be  Pre-Cambrian.*' 

It  would  appear,  therefore,  that  in  making  the  statement  con- 
tained in  the  Geol.  Mag.  for  December,  Mr.  Kinahan  quotes  from 
himself,  but  there  is  no  reference  to  any  published  expression  of  Mr. 
Jakes'  views  here  or  elsewhere. 

It  would  appear,  however,  from  Mr.  Kinahan's  second  letter,  that 
tbe  whole  statement  rests  on  his  recollection  of  couveraations  on  tl.e 
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"probability"  of  Lauren tian  rocks  existing  in  Donegal  and  else- 
where in  Ireland.  But  if  so,  Mr.  Kinahan  must  excuse  me  if  I 
decline  to  accept  colloquial  speculations  as  scientific  demonstrations. 
Liter  a  acrtpta  manent.  Conversations  are  evanescent.  As  a  matter  of 
fact,  although  Professor  Jukes  visited  Donegal  in  company  with  the 
Bev.  Dr.  Haughton,  and  Mr.  B.  H.  Scott,  he  never  hazarded  an 
opinion  in  print  (as  far  as  I  am  able  to  discover),  and  by  such  evidence 
alone  am  I  to  be  guided,  that  any  portion  of  the  Donegal  rooks  are 
of  Lauren  tian  age.  When  recently  I  read  my  paper  tn  extenso 
before  the  Natural  History  Section  of  the  Boyal  Dublin  Society,  at 
which  both  Dr.  Haughton  and  Mr.  Kinahan  were  present,  the  former 
disclaimed,  on  his  own  part  at  least,  any  priority  in  the  determina- 
tion of  the  Laurentian  age  of  the  gneissose  series  of  DonegaL 

As  I  stated  in  my  original  communication,  which  appeared  in 
Nature  (26th  May,  1881),  Dr.  Sterry  Hunt  was  the  first  who,  from 
an  examination  of  specimens  from  Donegal,  recorded  an  opinion  of 
the  Laurentian  age  of  the  older  series  of  metamorphosed  beds. 

Now,  Sir,  as  regards  the  credit  of  this  discovery,  I  beg  to  say  that 
I  claim  no  particular  credit  either  for  myself  or  for  any  one  else. 
As  the  Director  of  the  Irish  Branch  of  the  Greological  Survey,  I  feel 
a  certain  gratification  that  the  determination  of  the  age  of  the  old 
gneiss  of  Donegal,  and  its  associated  schistose  rocks,  has  been  made 
by  officers  of  the  Survey;  for  in  my  preliminary  survey  of  that 
district  I  was  assisted  by  two  senior  officers  of  the  Survey,  Mr.  B. 
G.  Symes,  F.G.S.,  and  Mr.  F.  G.  Wilkinson.  They  can  testify  as  to 
the  care  with  which  we  examined  an  extensive  district — and  as  to 
the  satisfactory  nature  of  the  determination  of  the  unconformity 
between  the  older  and  newer  groups  of  metamoi'phosed  beds.  The 
details  themselves  will  appear  in  my  paper  now  in  course  of  pub- 
lication. The  determination  was  made  not  by  voluntary  effort,  but 
in  accordance  with  official  duty,  and  as  the  outcome  of  a  previous 
visit  to  the  Northern  Highlands  of  Scotland,  under  the  guidance  of 
Professor  Geikie,  in  the  spring  of  1880.  I  have  not  the  least  doubt 
that  if  Professor  Jukes  had  had  the  same  opportunities  of  observa- 
tion as  myself,  he  would  have  arrived  at  the  same  conclusions  with 
regard  to  the  age  of  the  older  series,  as  Harkness  did  with  regard  to 
the  age  of  the  newer ;  but,  as  a  matter  of  fact,  the  determination  of 
the  question  had  not  been  made  till  the  spring  of  last  year. 

I  have  now  only  to  add  that  nothing  can  be  more  distasteful  to 
myself  than  to  have  my  name  brought  as  it  were  into  competition 
with  that  of  my  late  friend  and  predecessor.  Public  duty  has 
obliged  me  to  deal  with  questions  which  he  ably  handled,  and  some- 
times I  have  arrived  at  different  conclusions  regarding  them.  But 
I  defy  any  one  to  point  out  any  occasion  in  which  I  have  failed  lo 
quote  his  published  opinions  when  required,  or  to  have  knowingly 
misrepresented  them.  It  is,  therefore,  quite  unnecessary  for  Mr. 
Kinahan  to  assume  the  rdle  of  apologist  or  expositor  of  his  former 
chief;  and  I  venture  to  think  that  he  is  not  the  person  whom  Pro- 
fessor Jukes  would  have  selected  to  undertake  this  office,  had  it  been 
required. 
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As  I  do  not  intend  to  reply  to  any  further  statement  on  this  sub- 
ject, I  hope  the  oorrespondence  may  now  be  considered  as  closed. 
Gbolooicai.  Suhtbt  Officb, 

Dublin,  9  January,  1882.  Edwabd  Hull. 


THE   GLACUTION  OF  THE  SHETLAND  ISLANDS. 

Sm,  — With  your  permission,  I  should  like  to  say  a  few  words 
regarding  the  discussion  which  has  been  carried  on  during  the  last 
year  in  various  numbers  of  the  Geol.  Mao.,  as  I  visited  part  of 
Shetland  in  the  summer  of  1880,  and  although  I  went  there  chiefly  for 
mineralogical  purposes,  I  also  noted  some  of  the  glacial  phenomena. 

The  unequal  distribution  of  the  Boulder-clay  on  the  sides  of  Dales 
Yoe  is  a  striking  fact,  for  while  the  northern  slope  is  covered  with  a 
considerable  thickness  of  day  and  has  a  smooth  grassy  surface  half- 
way up  the  ridge,  the  southern  slope  is  bare,  and  presents  mammil- 
lated  hummocks  of  rock.  Northwards  from  this  point  the  whole 
tract  of  country  has  a  peculiar  ice-woru  aspect;  but  on  account 
of  the  rocks  being  mostly  of  a  schistose  nature,  they  do  not  afford  so 
striking  evidence  as  to  the  direction  of  the  ice- flow.  However,  I 
noted  a  few  striee  pointing  nearly  N.K  and  S.W. 

Near  Busta  Yoe  a  tract  of  diorite  occurs,  and  on  this  tract 
numerous  erratics  occur,  similar,  so  far  as  I  conld  determine,  to 
the  micaceous  and  gneissose  rocks  which  lie  to  the  north-east. 
Further  north,  in  the  neighbourhood  of  Isleburgh  and  Sulem  Voe, 
the  rocks  have  been  very  much  worn,  and  in  many  places  show 
bare  hillocks  of  rock  moulded  off  into  flowing  outlines  and  covered 
with  scratches.  Near  Pondswater  Loch  the  strias  on  an  average 
point  W.  to  W.  10  S.,  and  in  the  same  locality  boulders  of  gneiss, 
Rchist,  and  granite  are  common.  Further  north,  but  still  on  the 
diorite  area,  there  are  numerous  boulders  of  gneiss  and  schist,  but 
I  was  unable  to  discover  any  of  granite.  If  we  assume  that  the 
ice-sheet  came  from  the  eastward,  the  fact  is  accounted  for,  because 
there  would  be  no  granite  in  the  track  of  the  ice.  On  the  small 
patch  of  metamorphic  schists  at  Hills  wick  I  saw  several  boulders 
of  diorite,  and  as  there  is  no  diorite  known  to  exist  on  the  west 
side  of  Hillswick  Bay,  there  is  every  probability  tliat  these  boulders 
were  carried  across  the  Bay,  but  the  most  conclusive  proof  that  such 
has  been  the  case  is  afforded  by  a  fine  section  of  Boulder-clay  lying 
in  a  hollow  to  the  west  of  Hillswick.  The  lower  part  of  this  is 
entirely  composed  of  the  debris^  of  the  schists  on  which  the  clay 
rests,  while  the  upper  part  is  largely  composed  of  blocks  of  diorite 
and  a  few  of  the  other  rocks  which  lay  in  the  path  of  the  ice-sheet. 

The  areas  south  of  Ronas  Voe  and  west  of  Hillswick  show  that 
hlocks  of  schist  have  invaded  the  felsitic  area,  while  blocks  of  these 
Lave  in  their  turn  invaded  the  porphyrite  area.  I  looked  for 
porphyrites  to  the  east  of  the  fault  which  cuts  them  off  from  the 
felsitic  granite,  but  found  none. 

Mr.  Milne  Home  seems  to  have  misapprehended  a  great  deal  of 
Messrs.  Peach  and  Hornets  evidence  regarding  the  dispersal  of  the 
Btones  in  the  Boulder-clay  in  the  northern  part  of  the  mainland,  for 
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while  be  asserts  that  their  conclusions  are  wrong,  he  ignores  the 
evidence  they  produce,  such  as  the  invasion  of  one  area  by  boulders 
from  another,  and  the  gradual  decrease  in  the  number  of  the 
boulders  as  they  recede  from  their  parent  source. 

I  had  not  sufficient  time  to  search  for  numerous  instances  of  striae ; 
but  so  far  as  the  disposal  of  the  stones  are  concerned,  I  can  corrobo- 
rate Messrs.  Peach  and  Home's  observations  in  the  greater  part  of 
Northmavine ;  and  see  no  escape  from  the  conclusion  that,  to  the 
north-west  of  Hillswick,  the  ice-sheet  flowed  from  the  S.E.  to  N.W., 
while  further  south,  and  on  the  east  side  of  the  island,  the  direction 
was  from  north-east  to  south-west.  Thomas  Stewabt. 

Water  Works,  Glasgow,  14th  Dee,  1881. 

MR.  HOWORTH*  8  REPLY  TO  MR.  REID. 
Sir, — In  his  former  not^  Mr.  Reid  spoke  of  the  theory  of  violent 
changes  as  extinct.  To  this  I  replied  that  in  calling  it  extinct  he 
must  have  overlooked  the  weighty  opinion  of  Continental  geologists. 
Mr.  Reid  now  confesses  that  he  did  so,  and  that  he  was  merely 
speaking  of  geologists  on  this  side  of  the  Channel,  and  he  proceeds 
to  justify  his  limitation  by  a  sweeping  depreciation  of  recent  Con- 
tinental writers  on  Post-Glacial  geology.  It  certainly  seems  extra- 
ordinary that  such  an  experienced  and  deservedly  widely-known 
observer  as  Mr.  Reid  should  permit  himself  to  write  thus  in  your 
widely-circulated  pages.  I  hope  I  have  as  great  a  respect  for  the 
magnificent  work  done  by  Mr.  Prestwich  and  those  who  have 
succeeded  him  as  any  one;  but  I  must  confess,  and  others  will 
assuredly  echo  my  words,  that,  judged  by  the  abundance  of  its  facts, 
the  careful  sifting  of  its  evidence,  and  the  brilliant  character  of  its 
induction,  no  work  produced  on  this  side  of  the  Channel,  in  recent 
years,  dealing  with  Post-Glacial  geology,  can  compare  with  M.  Bel- 
grand's  magnum  opus  on  the  Seine  Valley ;  while  it  is  literally  in- 
credible how  any  one  who  has  read  any  considerable  number  of  the 
memoirs  which  have  seen  the  light  in  n>cent  years  in  France,  Bel- 
gium and  Italy,  dealing  with  this  very  difficult  period,  can  speak  of 
them  as  in  any  way  inferior  to  the  contemporary  writings  of  English 
geologists.  They  far  exceed  in  number  and  in  minuteness  of  treat- 
ment similar  memoirs  written  here,  for  the  vei'y  good  reason  that 
the  people  whose  interest  in  these  deposits  has  been  excited  by  the 
discovery  of  remains  of  Pal89olithic  man  in  them  is  very  much  in 
excess  there  of  what  it  is  here.  Leaving,  however,  this  debateable 
lan<l,  where  rival  national  reputations  are  necessarily  weighed  in  a 
very  uncertain  balance,  what  is  to  be  said  of  what  follows?  Mr. 
Reid  tells  us  that  "  In  most  parts  of  the  Continent  the  Pleistocene 
deposits  appear  to  be  represented  by  one  tolerably  uniform  mass, 
like  the  Loess  of  the  Rhine,  or  the  Tundras  of  Siberia."  Is  this  so  ? 
I  was  under  the  impression  that  the  number  and  variety  of  the  so- 
called  Pleistocene  beds  in  France  and  Southern  Russia  should  be 
described  by  any  adjective  rather  than  uniform.  Having  postulated 
this,  Mr.  Reid  contrasts  the  deposits  on  the  Continent  with  the 
wonderful  variety  of  the  beds  in  Britain,  their  fossiliferous  character, 
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and  the  splendid  series  of  cliff  sections  and  oaves  here.  What  can 
be  ihe  meaning  of  this  ?  Where  have  we  such  continuous  sections 
through,  these  same  deposits  as  can  be  shown  in  the  banks  of  the 
great  rivers  of  the  Continent?  In  what  respect  are  these  deposits 
richer  in  fossils  here  than  there  ?  How  are  the  British  oaves  better 
rituated  for  deciding  the  question  than  the  caves  of  Belgium  ?  I 
oannot  understand  what  Mr.  Beid  means.  We  may  indeed  institute 
s  comparison,  but  it  is  very  different  to  the  one  made  by  him. 
When  we  cross  the  Channel,  we  find  the  Post-Glacial  beds  arranged 
in  continuous  series  over  an  area  of  200  degrees  of  longitude,  in 
many  plaoes  in  situ,  and  undisturbed  in  sections  showing  the  whole  of 
the  beds ;  while  in  Britain  we  are  on  the  extreme  edge  of  these 
formations,  where  they  are  dislocated  and  broken  and  fragmentary. 
Assuredly  it  follows  that  on  the  Continent  we  have  every  element 
for  studying  the  problem  correctly,  while  here  we  are  in  perpetual 
clanger  at  every  turn  of  mistaking  a  local  and  sophisticated  section 
for  one  that  is  normal. 

Mr.  Reid  contrasts  my  humble  position  as  an  antiquary  given  to 
respecting  authority  with  his  own  exalted  one  of  a  Member  of  the 
Geological  Survey,  "  who  has  learnt  to  believe  nothing  that  he  is 
told  and  only  one-half  of  what  he  sees."  I  am  not  sure  that  this  is 
a  desirable  bye  way  into  which  to  drag  the  controversy.  Such  con- 
trasts might  if  pressed  lead  to  some  unexpected  comments.  Surely 
it  is  better  to  put  aside  both  geologist  and  antiquary  for  the  nonce, 
and  to  address  each  of  your  readers  as  if  he  were  a  keen  Philistine 
apt  at  judging  evidence.  Not  merely  evidence  of  the  senses — for  the 
facts  are  not  in  issue  ;  we  are  agreed  about  the  feicts ;  but  the  more 
important  evidence  of  inference  and  induction.  In  this  view  may  I 
point  your  readers  to  another  sentence  of  Mr.  Keid*s  ?  He  says : 
*•  The  extermination  of  the  Mammoth  in  Britain  and  Germany  may 
be  referable  to  human  agency,  while  in  Siberia  it  was  gradually 
killed  by  the  cold  and  want  of  food." 

May  I  ask,  nay,  entreat,  Mr.  Reid  to  furnish  one  tittle  of  evidence 
in  support  of  this  emphatic  statement?  I  have  tried  to  supply  your 
readers  with  a  very  considerable  amount  of  evidence,  all  of  which 
tells  entirely  against  such  a  view.  Mr.  Reid  cannot  seriously  sup- 
pose that  all  this  evidence  can  be  answered  by  an  obiter  dictum,  a 
mere  dogmatic  assertion  without  any  proof  whatever,  and  that  your 
readers  will  accept  it  as  conclusive,  even  if  all  that  most  exalted 
brotherhood  to  whom  this  generation  is  under  such  deep  obligations, 
viz.  the  Geological  Surveyors,  were  to  shout  the  aphorism  in  chorus. 
As  to  the  statement  that  the  Mammoth  together  with  his  companions 
were  exterminated  by  man  in  Europe,  I  fear  that  the  Philistine 
crowd,  when  it  confronts  such  a  statement  with  our  present  know- 
ledge, will  assuredly  smile  diplomatically,  if  it  does  not  have  recourse 
to  some  unseemly  sarcasms. 

Mr.  Reid  says  a  decrease  of  one  degree  in  the  temperature  in  a 
century  would  be  very  rapid  from  a  geological  point  of  view.*     I 
reply,  whether  rapid  or  the  contrary,  the  problem  I  have  invited 
1  Would  it  not  be  safer  to  say  from  Mr.  Reid's  geological  point  of  vieni  ? 
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Mr.  Reid,  and  those  who  think  with  him,  to  solve,  and  which  I 
cannot  find  any  one  willing  to  face,  is  how,  with  such  a  change  only 
as  one  degree  in  a  century,  or  anything  like  it,  we  are  to  account 
for  the  preservation  of  the  flesh  of  the  Mammoth  in  a  series  of 
carcases  found  in  the  whole  length  of  Siberia,  and  the  condition  of 
which  will  not  admit  of  their  having  been  thawed  onoe  since  they 
were  first  frozen.  There  is  the  gauge.  I  challenge  Mr.  Beid  to  pick  it 
up,  and  to  give  us  something  in  the  shape  of  a  reasonable  explanation. 

Mr.  Reid  disapproves  of  my  quoting  Cuvier  and  Buckland  and 
D*Archiac,  inasmuch  as  they  are  obsolete  authorities  on  this  point. 
Why  D'Archiac — whose  career  was  parallel  with  Lyell's,  whose 
opinions  are  quoted  by  Lyell  with  the  greatest  respect,  and  whose 
text-books  are  those  in  ordinary  use  in  France — should  be  deemed  in 
any  way  an  obsolete  authority,  considering  the  immense  amount  of 
work  he  did  in  elucidating  these  very  deposits,  I  know  not.  As  to 
the  other  two  names,  I  only  quoted  them  as  a  protest  against  Mr. 
Reid  speaking  superciliously  of  a  theory  which  had  the  imprimatur 
of  such  excellent  observers.  Perhaps  before  the  subject  is  thrashed 
out,  we  shall  be  able  to  furnish  him  with  a  list  of  names  which  will 
surprise  him,  of  geologists  who  have  virtually  indorsed  Cuvier's  and 
Buckland's  views  on  the  subject,  and  this  too  quite  recently. 

Mr.  Reid  says :  "  After  several  years  of  study  of  Pleistocene  beds, 
I  think  that  as  a  rule  things  did  then  progress  faster,  and  that  we 
are  now  in  a  position  of  exceptionally  slow  changes."  This  I  most 
cordially  accept,  but  I  must  say  that  this  is  not  the  Uniformitarian 
doctrine  laid  down  by  the  leader  of  the  Uniformitarian  school  in 
England,  a  most  distinguished  geologist  very  well  known  to  Mr. 
Keid,  on  a  famous  occasion  not  three  years  ago.  I  also  accept  Mr. 
Reid's  restriction  of  the  invocation  of  cataclysm  to  cases  which  can- 
not be  explained  without  it.  It  is  because  I  have  been  for  years 
trying  to  find  an  adequate  explanation  of  this  very  difficulty,  without 
invoking  a  cataclysm,  and  have  failed,  that  I  have  written  the  papers 
which  have  appeared  in  the  Geological  Magazine.  I  most  cordially 
invite  Mr.  Reid  or  anybody  else  to  try  to  solve  the  matter.  Not 
however  by  ex  cathedra  statements.  The  problem  is  much  too 
difficult  and  the  evidence  much  too  consistent  on  one  side  to  admit 
of  its  being  dismissed  by  one  of  those  superficial  waves  of  the  hand 
which  neither  antiquaries  nor  Philistines  have  been  trained  to  ap- 
preciate. The  world  cannot  in  these  days  be  addressed,  at  least  in 
the  domain  of  science,  in  this  pontifical  fashion,  and  is  apt  to  resent 
it.  At  all  events  that  unmannerly  part  of  the  world  which  lives  in 
Lancashire  requires  some  definite  reasons  before  it  does  the  kowtow, 
and  submits  to  oracular  dicta.  We  are  not  discussing  matters  of 
fact  which  have  come  under  the  observation  of  such  good  eyes  as 
those  of  Mr.  Reid,  and  which  we  should  at  once  accept,  but  inferences 
from  facts  of  which  we  claim  to  be  as  good  judges  and  as  well 
trained  as  the  great  men  whose  Olympus  is  in  Jermyn  Street.  I 
hope  Mr.  Reid  will  forgive  my  treatment  of  his  reference  to  the 
antiquaries.  If  I  did  not  value  very  highly  his  opinion,  and  his 
work,  I  should  not  be  scribbling  this  letter. 
Vbmby  House,  Eccleb,  Jan,  lOM,  1882.  Henby  H.  HoWORTH. 
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SUBSIDENCES    AT    BLACKHEATH. 

Sib, — I  shall  be  glad  if  you  can  afford  space  for  a  few  remarks  on 
the  letter  of  the  Rev.  Osmond  Fisher  in  the  current  Number  of  the 
Qkolooioal  Magazine. 

Mr.  Fisher  asks,  in  the  first  place,  if  these  subsidences  are  a  new 
feature  at  Blackheath.  In  reply  I  have  to  state  that,  in  addition  to 
the  three  subsidences  mentioned  in  the  Repoi*t  of  the  Subsidence 
Committee,  three  others  (at  least)  are  known  to  have  occurred 
within  the  memory  of  persons  now  living,  though  I  am  unable  to  give 
precise  dates.  But  as  two  of  the  three  were  just  outside  the  limits 
of  the  open  space  at  Blackheath,  and  the  third,  though  on  the  heath, 
appeared  in  the  comer  of  a  large  and  irregularly-worked  gravel- 
pit,  about  forty-^ve  years  ago,  none  of  them  excited  much  attention. 
The  three  later  subsidences,  on  the  other  hand,  having  all  been  on 
the  surface  of  what  is  practically  a  great  open  playground  both  for 
children  and  adults,  their  appearance  caused  general  alarm.  Again, 
in  Charlton  Park,  little  more  than  a  mile  E.  of  Blackheath,  and 
exactly  like  it  in  geology  and  physical  geography,  subsidences  have 
appeared  from  time  to  time.  But  as  Charlton  is  a  private  park,  they 
remained  quite  unknown  till  Mr.  F.  C.  J.  Spun-ell  read  his  paper  on 
"Danes'  Holes"  at  the  ArchaBological  Institute  last  April.  It  is 
thus  evident  that  only  those  subsidences  that  from  their  public  im- 
portance have  excited  public  interest  have  become  generally  known. 

I  do  not  think  the  Blaeklieath  pits  have  any  affinity  to  the  Dorset 
pits  mentioned  by  Mr.  Fisher;  the  latter  seem  to  me — judging  from 
his  letter — rather  to  resemble  those  at  Whitlingham,  near  Norwich. 
At  Blackheath  there  is  nothing  in  the  appearance  of  the  surface  to 
suggest  the  operation  of  any  general  natural  cause.  A  large  portion 
of  its  surface  is  smooth  and  flat  The  rougher  ground  is  occupied 
either  by  large  disused  gravel-pits  or  by  patches  of  small,  shallow, 
irregular  hollows,  due  apparently  to  primitive  diggings  for  gravel. 
Hasted,  in  his  History  of  Kent,  vol.  i.  (1778),  speaks  of  the  high 
reputation  of  the  Blackheath  gravel,  which  caused  it  to  be  sent  to 
great  distances.  He  also  remarks  that  when  the  rebels  under  Lord 
Audley  were  defeated  on  Blackheath  in  1497,  2000  bodies  were 
huried  there,  and  that  their  graves  are  now  visible.  Pre-existing 
gravel-pits  were  doubtless  used  as  graves,  and  the  slow  dissolution 
of  the  corpses  beneath  a  thin  gravel  covering  might  give  rise  to  such 
hollows. 

Mr.  Fisher's  paper  on  the  Lexden  Pit  was  pointed  out  to  me  a 
year  ago  by  Mr.  F.  Rutley,  who  has  given  an  alternative  explanation 
in  the  same  Vol.  (18G5)  of  this  Magazine.  (By  a  strange  over- 
sight I  only  noticed  a  day  or  two  ago  the  note  referring  to  the  paper 
on  the  Dorset  pits.)  But  after  carefully  reading  both  explanations 
of  the  Lexden  pit,  the  result  was — to  my  mind — to  show  the  diffi- 
culties in  the  way  of  any  purely  geological  explanation  ;  while,  at 
the  same  time,  no  other  view  seems  to  have  suggested  itself  either 
to  Mr.  Fisher  or  to  Mr.  Rutley,  who  yet  differ  fundamentally  from 
each  other.  It  was  impossible,  therefore,  for  me  to  have  any  opinion 
on  the  Lexden  pit  and  its  bearing — if  any — on  those  at  Blackheath, 
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It  may  be  well  to  ooncliide  by  gamming  up  briefly  tbe  grounds  for 
coming  to  an  archadological  conclusion  at  Blackheath. 

They  are:— 1st  The  great  improbability  of  any  cavity  in  tbe 
chalk  under  Blackheath  in  consequence  of  the  Tery  small  quantity 
of  chalk  there  al>ove  the  permanent  water-level.  This  point  was 
especially  dwelt  upon  by  Prof.  Prestwich  in  his  letter  to  Mr.  J.  K. 
Laughton,  Chairman  of  the  Blackheath  Subsidence  Committee. 

2ndly.  llie  additional  improbability  of  any  cavity  in  consequence 
of  the  presence  of  the  clayey  beds  (10  or  12  ft.)  of  the  Woolwich 
Series  below  the  Blackheath  pebble  beds  which  form  the  surface. 

Lastly.  We   were   more   fortunate  at    Blackheath    than   Messrs. 

Fisher  and   Rutley  at  Lexden,   not   only   in   having  mucb   more 

geological  evidence,  but  also  an  amount  of  archaeological  evidetice, 

in  the  pits  popularly  known  as  ''  Danes'  Holes,"  which  would  suffice 

to  turn  the  scale  against  a  geological  explanation,  even  were  the  facts 

against  one  much  less  weighty  than  they  are. 

28,  Ceoomb  Hill,  Greenwich,  T.  V.  HoLMES. 

Jan.  loth,  1882. 


ON    THE    STRATA    OF    COLWELL    BAY,    HEADON   HILL,   AND 

HORDWELL    CLIFF. 

Sib, — I  have  lately  read  Prof.  Blake's  article  on  the  strata  of 
Col  well  Bay  and  Headon  Hill,  published  in  the  Proceedings  of  the 
Geologists'  Association  for  October,  1881.  Since  I  took  a  somewhat 
(I  fear)  over-prominent  part  in  the  discussion  of  Messrs.  Keeping 
and  Tawney's  paper  to  which  it  refers,  I  should  wish  to  say  a  few 
words  on  the  subject. 

I  cannot  think  it  can  be  fairly  asserted  that  Prof.  Judd's  views 
**  were  attacked  by  Messrs.  Tawney  and  Keeping  in  a  spirit  unjusti- 
fiable in  any  scientific  controversy."  When  we  recollect  that  one 
of  the  authors  was  bom  in  the  Isle  of  Wight,  and  spent  the  best 
years  of  his  life  in  professional  work,  chiefly  in  exploring  and 
collecting  from  the  Eocene  beds  of  tbe  district,  some  little  amount 
of  warmth  was  justifiable  in  defending,  what  were  his  own  well- 
matured  views,  as  well  as  those  of  the  Surveyors,  against  an  attack, 
which,  however  learned,  was  apparently  based  upon  work  in  the 
library  and  museum. 

PalsBontoIogical  evidence  is  a  powerful  assistant  to  stratigraphy, 
but  it  must  yield  precedence  to  results  clearly  made  out  in  the  field. 
My  own  investigation  of  the  section  certainly  supports  the  views 
of  the  Surveyors,  as  reasserted  by  Messrs.  Keeping  and  Tawney. 
Indeed,  Mr.  Blake  appears  to  me  to  feel  a  difficulty  in  avoiding  the 
same  conclusion.  But  it  is  ren)arkable  that  he  does  not  seem  to 
have  applied  my  crucial  test,  referred  to  in  Messrs.  Keeping  and 
Tawney's  paper,  of  searching  for  (and  finding)  the  '*  Venus "  bed 
in  the  Totland's  brick-field,  at  the  part  where,  though  continuous 
inland,  it  has  been  denuded  off  tbe  cliff,  between  Widdick  and 
Weston  Chines. 

It  is  my  own  opinion  that  the  relations  of  this  somewbat  com- 
plicated series,  in  the  Lde  of  Wight,  would  be  made  clearer  to 
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stadents,  who  would  oompare  it  with  the  corresponding  serieff  on 
the  coast  of  the  mainland.  I  therefore  send  you,  copied  from  a 
roa^h  note-book,  an  ascending  section  made  by  myself  in  April, 
1853.  I  do  not  Touch  for  the  correctness  of  the  genera  named. 
The  date  of  the  observations  must  be  taken  as  an  excuse  for  errors, 

AbGBNDINO    SBCnOM    AT    HOKDWBLL    ClIF?,    GOING    FBOM    BSACON    BXTNNBY 

EABTWABD. 

Babton  Clay.  ft.  in. 

1.  Sandy  blue  ci&jy  Aneillaria,  Oliv,  Pem«,  etc     

2.  White  sand  passing  into  greenish  clay  with  lenticnlar  masses 

of  shales.  (Seanes  Wood  gives  t^e  following  list :  ^  Oliva, 
Fotamides^  Aneillaria^  ^aiica^  Sanguinolaria  (?  Ftammobia)^ 
Venerieardia,  Ct/therea,  Zucina^  Fotdfnomya)    18     0 

3.  Lignite , 0    4 

4.  Oreen  sandy  clay  with  fuei  ^,     0    8 

6.  Blue  laminated  clay  abounding  in  Corbula,  Cyrena,  Mytiltu 

{?  Iheissena)^  Aua  Cerithium 0     6 

6.  Carboniferous  clay 1  10 

Fresh -WATER. 

7.  Greenish  and  bluish  sands  and  clays  with  Paludina 8    0 

8.  Nodular  marly  rock 1     0 

9.  Greenish  clay (say)  10    0. 

10.  Brown  sand  with  stems  of  fuel 3  6 

11.  White  sand  passing  into  clay 4  0 

12.  Grey  sand 1  0 

13.  Band  of  P«3<«/m»»y« 0  6 

14.  White  sand  {Crocodile  bed)    8  0 

15.  Ferruginous  marly  uodules 1  0 

16.  Grey  clay     4  0 

17.  ZifWM/'a  marlstone 0  6 

18.  Greenish  clay  (?  i>mM^«) 2  6 

19.  Band  with  small  Mytilus  and  Phyta    0  4 

20.  Greenish -white  clay   7  0 

21.  Yellow  sand,  small  spiral  shells,  Oyrogonitea  and  black  seeds    . .  10 

22.  Carbonaceous  clay 1  0 

23.  Grey  sand    1  6 

24.  Greenish  clay,  blue  in  places,  Paludina^  Unto 2  0 

25.  Grey  sandy  clays  abounding  in  vegetable  stains 2  6 

Marine. 

26.  Sandy  foiy  clay  (seen) 5    0 

(TTiis  corresponds  to  the  "  Venus  bed,'   or  Middle  Headon.) 

It  will  be  seen  from  the  above  section  that  the  calcareous  bands 
(17,  etc.)  of  Hordwell,  belonging  as  they  do  to  the  first  fresh- water 
series  above  the  Barton,  must  be  correlated  with  the  Lower  Headon 
LimcHtones,  of  which  the  How  Ledge  Limestone  is  the  top.  They 
do  not  represent  the  Great  Upper  Hea«lon  Limestone.  Any  correla- 
tion of  the  beds  of  Hordwell  Cliff  with  those  of  Col  well  Bay  will 
therefore  be  misleading  ;  the  former  being  below  the  horizon  of  the 
How  Ledge  Limestone,  and  the  latter  above  it.  The  stratum  on  the 
mainland  which  does  correspond  with  the  Col  well  Bay  or  Headon 
Hill  "  Venus  bed,"  must  be  sought  for  at  Hordwell  above  the  fresh- 
water series;  and  it  occurs  at  a  place  called  Rook  Cliff,  about  a 
mile  to  the  east  of  Beacon  Bunney,  in  a  low  cliff.     It  is  usually 

^  Charlesworth's  Geol.  Joum.  part  1,  p.  4,  1846. 
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buried  under  a  talus  of  graTel.  I  have  never  seen  it  exposed ;  but 
3  once  collected  a  considerable  number  of  specimens  from  the  spot, 
after  Mr.  Keeping  had  been  digging  there,  and  his  spoil  heaps  had 
been  washed  by  the  rain.  The  specimens  have  usually  a  peculiar 
pinkish  hue,  by  which  they  may  be  identified  in  a  collection. 

0.  FiSHKB. 

DR.   STERRY  HUNT. 

Sir, — We  have  just  said  good-bye  to  a  distinguished  American 
geologist,  whose  visit  to  Europe  deserves  a  passing  notice  in  these 
pages.  Dr.  Sterry  Hunt  has  been  long  well  known  among  us  by 
his  numerous  papers  on  Gaology,  Chemistry,  and  Physics.  There 
is  a  freshness  and  vigour  about  him  that  makes  him  welcome  at  any 
scientific  gathering,  and  a  clearness  of  exposition  and  openness  of 
communication  that  forces  even  those  who  do  not  agree  with  all  his 
conclusions  to  admit  that  at  any  rate  his  work  tends  always  to  clear 
away  error  and  suggest  new  directions  and  methods  of  search  after 
truth. 

Thomas  Sterry  Hunt  was  bom  in  Norwich,  Connecticut,  New 
England,  in  1826,  and  educated  at  Yale  College,  New  Haven,  where, 
under  the  late  Professor  Silliman,  he  devoted  himself  to  Chemistry, 
Mineralogy,  and  Geology.  In  1847  he  became  a  member  of  the 
Geological  Survey  of  Canada,  on  which  he  remained  until  he  was 
called  to  Boston  as  Professor  of  Geology  in  1872.  This  post  he 
held  till  1878,  when  he  resigned  his  official  duties,  and  returned  to 
Montreal  to  devote  himself  more  completely  to  professional  and 
scientific  work.  During  his  former  residence  in  Canada  Dr.  Hunt 
had  successively  occupied  professorial  chairs  in  the  Laval  University, 
Quebec,  and  that  of  McGill,  at  Montreal,  and  from  these  Universities 
had  received  the  degrees  of  Doctor  of  Sciences  and  Doctor  of  Laws. 
He  is  also  Master  of  Arts  of  Harvard  University,  Member  of  the 
National  Academy  of  Sciences  of  the  United  States,  and  of  the 
American  Philosophical  Society,  and  has  been  for  more  than  twenty 
years  a  F.R.S.  He  is  an  officer  of  the  French  Legion  of  Honour, 
and  has  received  many  recognitions  of  his  services  from  foreign 
Academies  and  Societies. 

Dr.  Hunt's  work  during  twenty-five  years  has  been  in  great  part 
devoted  to  the  Geology  and  Economic  Mineralogy  of  Canada.  During 
this  period  his  published  investigations  into  more  purely  scientific 
questions  also  have  been  numerous  and  important,  at  first  in  the 
direction  of  organic  and  theoretical  chemistry,  and  later  in  mineralogy, 
lithology,  and  chemical  geology ;  his  aim  being  from  the  study  of 
the  chemistry  of  waters,  sediments,  and  crystalline  rocks,  to  construct 
a  rational  theory  of  the  processes  which  have  presided  over  the  early 
growth  and  development  of  the  earth's  crust,  a  study  which  he 
designates  mineral  'physiology.  In  this  connexion  he  has  made 
important  contributions  to  cosmic  chemistry  and  physics.  We  owe 
to  him  also  in  great  part  the  advance  which  has  been  made  in  the 
grouping  and  classification  on  lithological  and  stratigraphical  grounds 
of  the  crystalline  bedded  rocks  which  present  in  their  succession  a 
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btBtory  not  lessTaried  and  extended  than  that  of  the  entire  PalsBozoio 
era — and  which  he  believes  are  in  all  cases  of  Pre-Canibrian  date. 

Dr.  Hont  was  the  principal  organizer  and  first  Secretary  of  the 
International  Committee  for  a  Geological  Congress ;  the  first  meeting 
of  which  was  held  at  Paris  in  1878,  and  the  second  at  Bologna  in 
1881,  at  both  of  which  he  took  an  active  part  as  one  of  the  Vice- 
Presidents,  and  by  his  cordiality  and  good  fellowship,  backed  by 
ability  and  knowledge,  contributed  much  to  the  maintenance  of  a 
good  understanding  among  the  representatives  of  all  the  English- 
speaking  nations  gathered  at  Bologna.  His  work  did  not  end  at 
Bolc^na,  and  on  his  way  home  he,  first  at  Paris  (Compte-rendu 
sommaire  Soc.  Geol.  Fi-ance,  Nov.  7,  1881),  and  afterwards  in 
London  (Abst  Proc.  Geol.  Soc.  Nov.  16,  1881),  gave  an  account  of 
his  recent  examination  of  the  metamorphic  rocks  of  Italy  and 
Germany,  and  his  views  as  to  their  correlation  with  the  older 
crystalline  rocks  of  America  and  Britain.  He  also  brought  before 
the  Philosophical  Society  of  Cambridge  his  matured  views  with 
regard  to  the  distribution  of  extremely  attenuated  matter  through 
interstellar  space  (Proc.  Camb.  Phil.  Soc.  Nov.  28,  1881),  pointing 
out  that  practically  the  same  idea  had  been  suggested  by  Newton  in 
his  earlier  work,  and  had  taken  more  definite  shape  in  later  editions. 
The  University  of  Cambridge  conferred  on  him  the  Honorary  Degree 
of  LL.D.,  and  we  hope  that  this  new  tie  may  unite  our  spirited 
scientific  ally  more  closely  to  us,  and  insure  a  not  too  long  deferred 
return  to  our  shore. — Cantab. 


THE  TORRIDON  SANDSTONE. 

Sir, — I  shall  be  obliged  if  you  will  allow  me  to  correct  an 
important  misprint  which  occurs  in  the  abstract  of  the  debate  on 
my  paper  on  the  Torridon  Sandstone  at  the  Geological  Society, 
Dec.  2l8t.  In  my  reply,  I  am  represented  as  saying  that  north- 
east of  Queenaig  the  sandstone  passes  ''  tinconformably  "  under  the 
quart  zite.  This  contradicts  my  main  conclusion.  For  "unconform- 
ably  "  read  **  conformably." 

TTeixington,  Salop,  Dec.  31,  1881.  C.  Callawat. 


BATE  OF  DENUDATION  OF  THE  LAND  BY  RIVERS. 

SiB, — Mr.  Tylor  seems  to  have  made  a  slip  in  his  calculations. 
8»  is  not  729  but  243.  This  makes  Mr.  Tyler's  results  three  times 
too  much.  ITie  3000  years,  of  Mr.  Tylor*s  sixth  paragraph,  will 
thus  become  9000 ;  the  mean  denudation  not  nine  but  three  inches 
a  year ;  and  the  annual  rise  of  the  sea-level  one  inch  only. 

In  paragraph  five — "  the  supposed  period  of  729  years  "  is  pro- 
bably a  printer's  error. 

I  am  unable  to  follow  Mr.  Tyler's  reasoning,  and  shall  be  glad 
of  some  information  on  the  subject.     For  instance  : 

1.  Where  can  I  find  Mr.  Tyler's  "formula  of  the  increase  of 
Telocity  of  water  at  the  same  slope  "  ? 

2.  Where  some  account  of  the  "  Pluvial  Period  "  ? 
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S.  Where  Hopkins's  results  on  the  power  of  water  to  move 
materials  ? 

4.  How  does  Mr.  Tylor  arrive  at  a  velocity  of  three  times  excess 
of  present  velocity  in  paragraph  foar  ?  McJaiies. 

IXDIA. 

FOSSILS  ON  CLEAVAGE  PLANES. 

Sir, — Until  I  read  Mr.  Carmthers'  article  in  the  January  Number 
of  the  Geol.  Mao.  I  had  never  realized  how  completely  fossil 
plant  remains  might  be  simulated  by  annelid  trails.  To  me,  more- 
over, there  was  a  special  interest  in  the  concluding  sentence,  which 
recalled  to  my  mind  an  inquiry  which  I  had  been  pursuing  some 
two  years  ago.  I  was  not  then  aware  that  the  subject  had  been 
touched  upon  by  Di*.  Sterry  Hunt,  nor  have  I  seen  the  paper  by  him 
to  which  Mr.  Carruthers  refers.  I  feel  however  disposed  to  call 
attention  once  more  to  the  subject  as  it  then  presented  itself  to  me. 
I  must  not  reproduce  remarks  which  have  occupied  more  than  two 
pages,  nor  do  I  see  how  I  can  well  abridge  them.  But  I  will  ask 
leave  to  refer  Mr.  Carruthers  and  the  readers  of  his  interesting 
article  to  a  letter  by  me  in  the  September  (1880)  Number  of  your 
Magazine,  pp.  430-2.  It  was  there  pointed  out  that  not  only 
<*  fucoids  "  (which  might  very  probably  have  been  annelid  borings), 
but  that  Oraptolites  also  had  been  found  upon  cleavage  planes. 

Kentisbsa&e,  Collumpton.  W.  Downes. 

DR.  HECTOR'S  "NEW  ZEALAND  GEOLOGY." 
Sib, — I  see  in  the  January  Number  of  this  Magazine  a  notice  of 
the  above  Memoir,  in  which  Dr.  Hector  classifies  the  Coal -producing 
strata  of  New  South  Wales  as  Permian.  There  has  long  been  a 
dispute  amongst  Australian  geologists  as  to  the  age  of  these 
deposits,  many  supposing  them  to  be  Triassic,  or  even  Oolitic, 
presumedly  upon  the  presence  of  Glossopteris ;  but  it  would  be  of 
interest  to  know  Dr.  Hector's  reason  for  placing  them  amongst  the 
Permian.  In  the  many  conversations  which  I  have  had  with  the 
late  Rev.  W.  B.  Clarke,  F.R.S.,  upon  the  subject,  he  has  invariably 
upheld  their  true  Carboniferous  age,  and,  as  a  field  geologist 
who  has  had  much  experience  amongst  the  Coal  Fields  of  South 
Wales,  Somersetshire,  and  New  South  Wales,  I  certainly  cannot 
see  much  doubt  on  the  subject.  The  Wianaraatta  Shales,  noticeably 
in  the  Parramatta  District,  bear  a  close  lithographical  resemblance 
to  the  shales,  clods,  and  clifts  of  the  Gilfach-fargoed,  and  Mynyd- 
dyslwyn.  Upper  Carboniferous  deposits  of  Glamorgan  and  Mon- 
mouthshire, and  also  contain  obscure  impressions,  which  certainly 
look  like  Stigmarian  rootlets.  The  Hawkesbury  Sandstone,  which 
underlies  the  Wianamatta  Shales,  contains  numerous  cavities, 
especially  at  St.  Leonard's,  Sydney,  which  look  very  much  as  if 
they  had  been  filled  by  Carpoliths,  like  the  Trigonocarpum  of  tlie 
Pennant  of  South  Wales  and  Somersetshire,  and  indeed  bears  a 
lithographical  resemblance  to  that  deposit.  The  Upper  Marine  Beds 
and  Upper  Coal-Measures  of  the  Newcastle  (N.S.W.)  and  Bulli 
Districts  contain,  besides   Gloasopteria,   undoubted  Sigillarian  and 
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Stigmarian  remains,  and  the  Lower  Marine  Beds  and  Lower  Coal- 
Measures  of  the  Jamberoo  and  Saddlebaok  Districts  contain  Lepido' 
iendron  and  Praduelus  scabrictdatus.  Specimens  of  the  last-named 
Palliobranch,  if  I  remember  rightly,  are  in  the  Museum  attached  to 
the  Mining  Department,  Sydney,  to  which  institution  I  presented 
them  in  1877.  Locality,  Jamberoo  Mountains,  lilawarra  District, 
N.S.W.  All  these  formations  are  conformable  to  each  other, 
although  in  places  unconformability  exists,  owing  to  unequal  deposi- 
tions in  parts.  My  classification  for  the  New  South  Wales  Coal 
deposits  is  as  follows : 

t.  WiAKAMATTA  Shalbs.     i  Thin  iRminAied  shales,  clods,  and  clifts.    No  work- 
(Mynyddyslwyn  Series.)    (     able  coal.     Obscure  plant-remains.     600  ft.  circum. 

fi,  Hawkbsbubt  Rocks.      (  Fine  whitish  sandstones.    No  workable  coal.    Cavities 
(Pennant  Series.)  \     of  Carpoliths?  1300  ft.  circ. 

fSandstones^  chocolate-colonred  shales,   rich  beds  of 

«  ni>»vB  ifA-DT^^  -RsTw.      I      clay-band  iron  ore,  thin  beds  of  limestones  with 
fWenallt  S^M  ^  i      PaUiobranch,   undetermined.     Conglomerates  with 

^  *'  1      jasper,  and  blue  and  purple  shales.    No  workable 

I,     coal.     560  ft.  circ. 

I.  IJppvB  Coal  Measures.  (  Shales  and  sandstones,  workable  coal  and  fire-clay. 
(Rhondda  Series.)  \      Stigmariaf  Sigillana,  etc.     1200  ft.  circ. 

r.  LowsB  Marine  Beds,     i  Bands  of  limestones,  clay-band  iron  ore.     Productua 
(Iron     Ball     Series     of  {      sealfrieuiatus,  etc.     No  workable  coal. 


600  ft.  circ. 


Merthyr,  etc.)  ( 

{.  LowBu  CoAL-MEASuaBS.  (  Saudstoues,  shales,  workable  coal,  fire-clay.    Lepido- 


(Ras  Las  Series.)  (      dendron^  etc.     1800  ft.  circ. 

Total  thickness  6960  ft.  circ. 

The    Devonian  formation,   I  believe,   is   largely  represented  in 

South  Australia  by  the  Mount   Lofty  and  Hum  muck  Ranges,  as 

well  as  by  the  Murrambidgee  deposits  of  N.S.W. ;    whilst  the  great 

mass  of  auriferous  slates  and  sandstones  of  New  South  Wales,  as 

well  as  those  of  Victoria,  are  undoubtedly  Silurian. 

Alfbed  Cruttwell,  F.Q.S, 
London,  Feb.  16M,  1882. 

CoAL  IN  South  Africa. — We  learn  that  various  and  prolific 
seams  of  anthracite  and  bituminous  coal,  some  of  them  10ft.  or  12ft. 
in  thickness,  have  been  found  in  Natal,  several  being  well  adapted 
for  locomotive  and  general  steam  purposes.  That  this  coal  is  suitable 
for  the  former  work  has  been  proved  by  driving  the  locomotives  of 
the  existing  railways  for  some  hundreds  of  miles  to  and  fro  between 
Durban  and  Maritzburg.  The  possibility  of  using  cheap  local  fuel 
instead  of  costly  English  coal  in  these  distant  colonies  must  give  a 
great  impetus  to  railway  construction,  and  an  extension  beyond 
Ladysmith,  in  Natal,  will  provide  a  better  and  more  expeditious 
highway  to  the  Transvaal  and  Orange  Free  State.  The  Kail  way 
Bill  for  the  expenditure  of  £5,000,000  upon  railway  construction 
in  Cape  Colony,  which  has  just  received  the  sanction  of  the  Assembly 
at  Cape  Town,  contemplates  the  intersection  by  a  main  line  of  the 
coal  deposits  of  that  colony.  Therefore,  after  considerable  delay, 
those  coal-fields  are  now  about  to  be  placed  in  direct  commimication 
with  both  the  coast  and  the  Diamond  Fluids. — English  Mechanic^  etc. 
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SAMUEL  SHARP,    F.S.A.,    F.G.S. 

BoBN  July  18th,  1814 ;   Died  January  28th,  1882. 

Samuel  Sharp  was  bom  at  Bomsey  in  Hampshire,  July  18th, 
1814.  He  received  his  early  education  at  a  private  school  in 
Southsea,  but  owing  to  his  father's  death  while  he  was  still  a  boy, 
he  removed  with  his  family  to  Stamford  in  Lincolnshire.  Mr. 
Sharp's  stepfather  was  the  proprietor  and  editor  of  the  Stamford 
Mercury,  the  oldest  and  most  widely  circulated  newspaper  in  the 
Midland  Counties,  and  for  some  years  Mr.  Sharp  assisted  him  in 
managing  and  editing  this  journal.  From  a  very  early  age  he 
had  shown  a  taste  for  the  study  of  science,  especially  Astronomy 
and  Chemistry,  and  his  attention  appears  to  have  been  directed  to 
the  subject  of  Geology  by  a  lecture  delivered  at  Stamford  by 
Mr.  G.  F.  Richardson.  Subsequently  he  had  the  advantage  of 
studying  the  Oolitic  districts  around  his  home  with  Professor  Morris, 
and  other  geologists,  and  gradually  accumulated  a  large  and  valuable 
collection  of  fossils.  In  1857,  Mr.  Sharp  removed  from  Stamford, 
and  went  to  live  in  the  neighbourhood  of  Northampton.  There  he 
continued  to  collect  largely  from  the  Jurassic  rocks,  and  his  work 
was  facilitated  by  the  excavations  then  being  carried  on  in  all 
directions  for  raising  the  valuable  iron-ore  of  the  Northampton 
Sand.  The  general  results  of  his  observations  on  the  district  in 
which  he  lived  were  communicated  to  the  Geological  Society  of 
London  in  two  valuable  papers  on  the  Oolites  of  Northamptonshire, 
which  were  published  in  the  Quarterly  Journal.  He  wrote  a  little 
text-book,  "  The  liudiments  of  Geology,"  which  has  passed  through 
two  editions.  As  an  Archaeologist,  Mr.  Sharp  was  not  less  widely 
known  than  as  a  Geologist.  On  all  questions  of  local  antiquities  he 
was  one  of  the  highest  authorities  in  the  Midland  district,  and  many 
valuable  papers  relating  to  these  subjects  were  contributed  by  him 
to  the  local  journals.  But  it  was  as  a  Numismatist  that  Mr.  Sharp 
especially  distinguished  himself.  During  the  last  thirty  years  he 
by  unwearied  exertions  succeeded  in  bringing  together  an  unrivalled 
collection  illustrating  the  productions  of  the  famous  Stamford  Mint. 
His  valuable  memoir  on  these  interesting  coins,  with  its  several 
supplements,  was  published  by  the  Numismatic  Society,  and  con- 
stitutes the  best  authority  on  the  subject.  He  laboured  energetically 
to  found  a  good  provincial  museum  in  the  town  of  Northampton, 
and  placed  therein  valuable  contributions  from  his  own  large 
geological  and  antiquarian  collections.  Mr.  Sharp  was  one  of  the 
most  genial  and  hospitable  of  men,  and  was  never  happier  than 
when  contributing  to  the  instruction  and  pleasure  of  others  from  the 
stores  of  knowledge  which  he  had  gradually  acquired  concerning  the 
geology  and  antiquities  of  his  adopted  county.  During  his  later 
years  Mr.  Sharp  was  precluded  from  active  exertions  in  the  field 
by  feebleness  and  ill-health,  but  to  the  end  he  took  a  lively  interest 
in  the  advance  of  our  science.  He  died  at  Great  Harrowden  Hall 
on  the  28th  January,  1882,  in  his  68th  year.— J.  W.  J. 
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i— contbibutions  to   the  paueontology  of  the  yobeshibe 

Oolites. 

By  WiLFBiD  H.  HuDLB8T0N,  M.A.,  F.O.S.,  Pres.G.A. 

No.  2.  Gasteropoda  of  the  Oxfordian  and  Lower  Oolites, 

IT  was  stated  in  the  general  introduction  to  these  Contributions 
(Gboi..  Mao.  June,  1880),  that  the  divisions  to  be  adopted  would 
be  regarded  more  as  a  matter  of  convenience  than  from  any  other 
point  of  view.  It  might,  perhaps,  seem  more  philosophical  to  have 
treated  the  whole  of  the  Lower  and  Middle  Oolites  as  one  section  of 
the  subject  qud  the  Gasteropoda.  By  commencing  at  the  base  of  the 
series  the  true  sequence  in  time  would  have  been  followed,  and  the 
various  **  species  "  or  their  derivatives  traced  throughout.  Had  all 
the  collections  examined  by  me  existed  under  one  roof,  this  might 
have  been  practicable,  as  it  would  certainly  have  been  desirable. 

Again,  it  may  seem  somewhat  odd,  when  drawing  the  line,  to 
draw  it  through  the  very  middle  of  the  perarmaius-zone ;  but  the 
fact  is  that  from  the  Corallian  to  the  very  base  of  the  Dogger  no 
one  line  stands  out  very  pre-eminent  in  a  palaeontological  sense. 
Nor  is  there  any  very  marked  physical  break  other  than  what  might 
result  from  a  change  of  sediment  between  the  top  of  the  Cornbrash 
at  Scarborough  and  the  base  of  the  Corallian  Limestones  (Passage- 
Beds).  The  palasontological  break  between  the  Cornbrash  and  the 
succeeding  *'  Kelloway  Rock,"  as  regards  Cephalopoda^  is  tolerably 
complete  (see  table),  but  not  otherwise.  There  is  a  more  marked 
discordance  between  the  general  fauna  of  the  Cornbrash  and  of  the 
Scarborough  Limestone,  which  latter  is  in  many  respects  allied  with 
the  two  lowest  zones. 

On  the  whole,  therefore,  although  the  division  adopted  parts  the 
CJoral-bearing  section  of  the  zone  of  A,  perarmatus  from  the  rest, 
and  thus  adds  a  slice  of  quasi-Oxfordian  Beds  to  the  Corallian 
group,  yet  the  additional  species  of  Gasteropoda  scored  to  the  latter 
is  so  slight  as  scarcely  to  affect  the  lists.  Even  without  such  aid  the 
Coralline  Oolite  and  Coral  Rag,  i.e.  the  Upper  Limestones  of  the 
Survey,  afford  a  list  of  Gasteropoda  not  very  far  short  of  that  pro- 
duced by  the  aggregate  of  the  l)eds  below,  whilst  in  numbers  of 
individuals  they  infinitely  exceed  them.  This  arises  in  a  great 
measure  from  the  very  limited  vertical  sections  in  the  lower  beds 
which  yield  Gasteropoda  in  recognizable  condition. 

One  point  of  interest  presented  by  the  fine  sections  on  the  coast 
is  the  approximate  position  of  the  division  between  the  Btoyjii  3v]i£\!k 
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Bbkaiitdbb  of  ths  Middi 


FOBMATION. 


E. 

LowsB  Calcasbous 

Grit. 

80-100  ft. 


P. 

"  Oxford     Clay." 

120-160  ft.  on  the 

coast. 


G. 

"Xbllowat  Bock." 
5-80  ft. 


Topographical 

DlYIBIOMB  AMD  YaRUTISI. 


Similar  yarieties  occur  in  all  the 
districts. 
Thickens  towards  the  interior. 
Zone  7  occurs  in  this  series. 


Similar  varieties  occur  in  all  the 
districts. 

Thins  towards  the  interior.  About 
70  ft.  in  the  Howardian  HiUs. 

Zone  6  occurs  at  the  base. 


LOCALITXBB 
KOTED  FOR  Fo88IL> 

Oliyer's  Mount,  Cajto 
Gristhorpe  Cli&,  Castli 
ward  Park. 


Scarborough    Castle 
Gristhorpe     Cliffs,    Cm 
Nab  (Newbiggan  Wjke] 


H. 

Avieula  -  shales    and 

CORNBRABH. 

10-16  ft. 


ZoxE  5  occurs  at  the  top. 

Thins  on  the  dip  towards  the 
S.E.,  but  rather  increases  along 
the  outcrop  towards  the  W. 

Scarcely  traceable  in  the  Ho- 
wardian Hills. 


h.  Upper  Eatuarine 
Serfei.    80-200  ft. 


I. 

Scarborough  or 
Grey  Limestone. 

3-60  ft. 

Zone  3. 


/ 


i.  Middle  Estoarine 
Series.    50-100  feet. 

J. 

MiLLEPORB  Series. 

10-40  ft.    on    the 

coast. 

Zone  2. 


Both  thin  on  the  dip,  but  main- 
tain their  thickness  towards  the 
west. 

Not  proyed  in  the  Howardian 
Hills. 

Zone  4  occurs  at  the  base. 


Scarborough  North  Cli 
Castle  Hill,  Red  Cliff  (C 
Bay),  Newbiggan  Wyke  i 
ihorpe  shore),  Newtonda 


Scarborough   North 
and   Castle   Hill,  Red 
rCayton     Bay),      Grist 


1 .  Coast  type. 

Thins  rapidly  on  the  dip  towards 
the  S.E.,  tolerably  constant  to- 
wards the  interior  along  the  out- 
crops. 

2.  Howardian  type. 


1.  Coast  type. 

Thickens  towards  the  S.E.,  yari- 
able  in  composition. 

2.  Howudian    type,    Whitwell 
Oolite,  and  Brandsby  Beds  in  part. 


1.  Cloughton  Wyke  ( 
dale).  White  Nab,  Grist 
Bay. 

2.  Stonecliff  Wood, 
Brandsby. 


/.  Lower  Estaarine 
Series.    I-SOO  ft. 


K. 

Dogger. 
4-80  ft.  on  the  coast. 

Zone  1. 


Attains  its  maximnm  in  Staintondale 
Cliffs. 

The  "  top  seam  '*  of  the  miners. 
The  Rosedale  magnetic  ore  belongs 
to  the  lower  diyision. 


■/ 


1.  Cloughton  Wyke  (S 
ham),  Town   Pt.,   and 
thorpe  Scar. 

2.  Mount  Pleasant  Q 
near  Castle  Howard  Stat 


Peak  (Blue  Wyke),  Gl 
dale,  Sandsend,  UighWl 
Saltwick. 


V 


a  fti  Gmk.  Mao.  Decade  II.  Vol.  YII.  p.  247. 
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'  1.  Hard  blue  calcareoni  erits 
— <(iiuried  for  rood  metal— elter- 
Bitm^with 

2.  Yellowish  calcareoiu  sand- 
rock,  often  full  of  small  canties 
—Indlding  stone. 


Qfxej  sandy  shales  and  clays, 
^i^twning  bluer  and  lees  sandy 
bdow. 


The  fossil  heds,  though  only 
i  few  feet  thick,  sre  Taried  in 
dkcir  lidiology.  Reddish-yellow 
«  chocolate  grits  with  spathose 
jilieUs  and  large  ova:  blae-^^rey 
and  Tery  sandy  Calcareous  Gnts. 

Brownish- yellow  sandstones  in 
fte  mass,  quarried  for  building  at 
Hsckness. 


Bine  shales  passing  upwards 
into  yellow  sandy  mudstones. 

Impure  Limestone,  grey  and 
nbbly,  partially  oolitic,  and 
aooietimes  stainea  reddish. 


Falf«-bedded  Sands  and  CUyi. 


1.  Blue  and  grey  impure  Lime- 
■itones,  shales,  mudstones  and  iron- 
I  atones,  never  oolitic.  Roadstone, 
'rough  masonry  (Scarboro*  Pier). 

2.  SUiceoos  "potUd''  Lime- 
stones. 

Sandstones  and  Shales,  eonCains  the 
main  seams  of  moorland  coal. 


1.  At  Sycarbam  a  ferruginous 
grit,  and  sometimes  a  ^tty  irony 
ume  rock  with  **  Kaohnite." 

2.  Fawn-coloured  sandy  Lime- 
ftone  and  OoHte,  lower  beds 
blue-centrod. 


Sudttones,  often  niMsiTe,  and  Shales. 
Building  stones  in  Eskdale. 

Arenaceous  ironstone,  in  parts 
oolitic,  resting  on  veUow  and 
RTBT  micaceous  sanos  at  Blue 
Wyke  Tuint. 


SoxB  or  THS  Charactbbistic  FoaaiLa. 


Bel.  abbrtpimtui.  Mill.  Am.  ptrarmatut.  Sow. 
Am,  eordatut  and  vertebralia,  Sow.  Am.  eonwo- 
lutut,  Quens.  Am.  ammHeulaiut^  Miinst.  Orppkma 
ditataia  and  Fitma  Ume$oUta^  Sow.  Modioli  bipar- 
tite. Sow.  Attropeeten  rectus,  M'Coy.  Rkyneh. 
Thurmanni,  Volts. 

XJppBB — Am.  pcrarmatua,  rarely. 

Middle — Small  Ammonites,  young  of  A.  Eugmii, 
Rasp.,  A,  erenattu,  Brug.,  etc. 

LowBB — Bel.  Oweftit,  Pratt.  Am.  Zamberti, 
Sow.  Am.afhleta^VM.  Am.  oetilatus,  FhH.  Am. 
erenatut,  Brug. 

Yarieties  of  ^.  eordatut  throughout. 

Bel.  Owenii,  YBT.  /oma<«7t«,  Phil.  .<fin. /mow,  Rein. 
Am.  DuneoHt,  Sow.,  and  var.  gemmatue,  Phil. — ^the 
omati.  Am.  athlela,  Phil.  Am.  heetieue^  and  lunula. 
Rein.  Am.  Cfhamueeeti,  D*Orb.  Am.  Gowerianue, 
Sow.  Am.  Koeniffi,  Sow.  Am.  modiolarie,  Luid. 
Am.  maeroeephalue,  Scblot.  var.  rugaeue.  Leek. 
Gi-yphaa,  var.  of  dilatata.  Sow.  IVig.  paueieoeta. 
Lye.  Anatina  unduiata,  Sow.  Wald.  umbonella, 
Lam.  (near  to  omitkoeephala.  Sow.). 


Am.  Herveyi^  Sow.  (maeroetphaiue,  Schlot.),  the 
only  cephalopod.  Lima  rigidula,  Phil.  Avieula 
eehinata.  Sow.  Trig.  SearburgenaiSf  Lye.  Trig. 
elongatUy  Sow.  Trig.  Caeeiope,  D'Orb.  JFaidheimiu 
obovata.  Sow.  W".  lagenalie^  Schlot.  Bhynch. 
Leedeii^  Walk.  (?  eoncinna).  Eehinobriteue  orbicu- 
laris, Phil. 

Anodon.  sp.    A  few  plant  remains. 


1.  Bel.  giganteus,  i^chlot.  Am.  Humphresiauus^ 
Sow.  Am.  Blagdenif  Sow.  Avieula  Brambttri- 
ensis,  Phil.  Pteropema  plana,  M.  and  L.  Trig, 
eostata  (var.  denticutata),  Ag.  Trig,  signata.  Kg. 
Brachiopoda  mostly  absent.  Am.  ** keviunculus^^ 
occurs  at  Hundale. 


Dnarfed  marine  foMiils  sporadically.    The  "plant  bed" 
is  very  rich  in  regretable  remains. 


7 


1.  Oervillia  lain,  Phil.  Trig,  reetieosta.  Lye. 
Trig,  eonjungens,  Phil.  Ceromya  BajoeianOf  D'Orb. 
Pygaster  semisulealus,  Phil.  Oonioseris  angulata^ 
Dune. 

2.  Cardium  Buekmani,  M.  and  L.  Isocardia 
cordata,  Buckm.  T.  rectieosta  and  eotyungrfts,  Pyg. 
semisulealus,  and  Stom.  germinans,  Phil.  Ter. 
$ubmaxillata,  Day. 

Traces   of  a  marine  horizon  with   Pholadomya,   etc 
Numerous  plant  remains. 

Oervillia  tortuosa,  Phil.  (?.  lata,  Phil.  Macro- 
don  Hirsoneiisis,  D'Arch.  Trig,  denticulata,  Ag. 
Trig.  v-costatOj  Lye,  Hmall  var.  Trig,  spinu- 
losaj  Y.  and  B.  Cardium  aetitangulum,  Phil. 
Astarte  elepaus.  Sow.  Ceromya  Bq/ociana,  D  Orb. 
Rhynch,  subobsoletaf  Dav. 

In  the  sands  Am.  aaUfisis,  Zict.  Am,  conmensis, 
Von  Buch.  {jteste  "Wright,  Q.J.G.S.  vol.  xvi.  p.  4). 
Lingula  Beanii,  Phil.  Discina  rejUxa,  Sow.  Rhynch. 
eynoeephala,  Rich.    Ter.  trilineaia,  Y.  and.  "^^ 


148  W.  jar.  Hudkiion—On  the  Torksiire  Oolites. 

and  White  Jura  of  the  Germans,  or  between  what  the  Swias  geolo- 
gists might  term  the  *'  Dogger  "  and  the  *'  Malm."  This  line  would 
probably  run  somewhere  in  the  great  unfossiliferons  maasee  of  the 
upper  part  of  the  "Oxford  Clay."  For  further  remarks  on  this 
subject,  with  reference  to  stratigraiihical  details  and  other  matters,  I 
must  refer  to  the  "  Yorkshire  Oolites."  * 

The  distribution  of  the  several  zones  which  contain  the  Gktstero- 
poda  are  more  or  less  known  to  most  geologists ;  yet  I  am  persuaded 
to  say  a  few  words  on  this  subject,  partly  to  explain  the  accompany- 
ing table,  and  partly  because,  in  spite  of  what  has  been  written  on 
the  Geology  of  East  Yorkshire,  one  is  every  now  and  then  reminded 
that  the  mistakes  of  half  a  century  ago  possess  a  strange  fascination 
for  those  who  have  but  a  cursory  acquaintance  with  the  district 

Although  the  beds  below  the  Corallian  probably  exceed  in  the 
aggregate  1000  feet  in  thickness  (taken  at  their  mcunma),  yet  the 
shelly  horizons  occupy  but  a  limited  space,  and  those  which  contain 
Gasteropoda  in  decent  condition  and  quantity  are  still  more  limited. 
Adopting  the  coast  sections  in  the  main  as  our  types,  there  are  seven 
principal  fossiliferous  zones  or  horizons  between  the  striaiulus-heds 
— zone  of  Ammonites  Jurensis — and  the  Corallian  Rocks,  whose 
Gasteropoda  have  been  already  described.  (See  Table  on  pp.  146-147.) 

1.  First  or  lowest  zone.  This  is  known  as  the  Dogger.  Including 
the  grey  sands  (Lingula-heds),  the  yellow  sands,  and  the  Dogger 
proper,  a  thickness  of  80  feet  may  be  assigned  to  the  group,  where 
most  fully  developed,  as  at  Peak  (Blue  Wyke).*  The  remains  of 
Gasteropoda  are  almost  wholly  confined  to  a  shell-bed  18  inches 
thick,  which  occurs  about  8  feet  below  the  top  of  the  series  at  Peak, 
but  nowhere  else  in  Yorkshire.  The  matrix  is  very  characteristic. 
The  substance  of  the  shells  has  been  largely  replaced  by  spathic  iron, 
whilst  their  exterior  is  lined  with  a  thin  skin  of  dark  brown  oxide. 
From  the  abundance  of  Nerinaa  cingenda  this  band  has  been  named 
the  Nerinaa-hed,  It  contains  nearly  half  the  sgecies  enumerated  in 
this  Memoir  (No.  2).  Some  800  feet  of  "estuarine"  sands  and 
shales,  with  at  best  only  irregular  traces  of  marine  shells,  succeeds, 
and  then  we  arrive  at 

2.  The  second  zone,  known  as  the  Millkporb-Bed,  which  is  best 
seen  on  the  north  horn  of  Cloughton  Wyke  at  Sycarhara,  where  the 
thickness  may  be  about  12  feet.  This  is  also  a  kind  of  sandy  iron- 
stone, but  more  gritty  and  calcareous  than  the  Dogger.  The  Gas- 
teropoda are  mostly  limited  to  one  bed,  whilst  Conchifera  are 
abundant  throughout.  Some  portions  of  the  matrix  contain  more 
carbonate  of  iron  than  of  lime,  and  there  is  just  sufficient  iron 
peroxidized  to  impart  a  reddish-brown  tint  to  the  mass,  which  is 
much  flecked  by  a  white  substance  allied  to  Kaolin.  This  peculiarity 
is  less  noticeable  in  the  bed  where  the  univalves  are  mostly  found. 
The  Millepore-Bed  is  well  developed  south  of  Scarborough,  where  it 
becomes  thicker.  It  forms  an  important  scar  in  Gristhorpe  Bay. 
In  the  interior  the  fawn-coloured  sandy  limestones  of  the  Howardian 

*  Proc.  Grcol.  Assoc,  vols.  iii.  and  iv.  ;    see  also  Fox  Strangways,  Survey  Mem. 
Geol.  of  Scarborough  ;   and  "Wright,  Quart.  Journ.  Geol.  Soc.  vol.  ivi.  p.  1  6t  teq, 
'  Ct  "  Yorkshire  Oolites,"  part  i.  Proc.  Geol.  Xeaoc.  \oL  iii.  p.  294. 
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Hills,  worked  in  Whitwell  parish  and  elsewhere,  are  referred  to  this 
horizon.  North  of  Scarborough,  on  the  ooast,  100  ft  of  "  estnarine  " 
sands  and  shales,  containing  the  principal  moorland  coal  and  the 
celebrated  plant-bed,  intervene  between  the  Millepore-Bed,  and 

3.  The  Aird  zone,  known  as  the  Soabbosough  or  Obkt  Limkstonk. 
Soath  of  Scarborough  these  two  zones  approach,  the  Millepore  Bed, 
18  we  have  seen,  becoming  thicker,  whilst  the  Scarborough  Lime- 
stone in  Gristhorpe  Bay  is  reduced  to  a  few  feet,  with  every  indication 
of  going  out  altogether.  Thus  it  is  the  Millepore-Bed  which 
reappears  further  south  as  the  Gave  Oolite  and  the  Lincolnshire 
Limestone.  Near  Scarborough,  however,  and  especially  north  of 
that  town,  the  uppermost  of  these  two  formations  is  far  the  most 
important.  On  Uie  south  horn  of  Oloughton  Wyke.  at  Hundale,  this 
group  of  beds  has  a  thickness  of  nearly  60  feet,  and  contains  a  fine 
series  of  fossils,  chiefly  Conchifera.  On  the  other  side  of  Scar- 
borough, at  White  Nab,  the  thickness  has  already  fallen  to  20  feet. 
It  is  here  that  specimens  of  Am,  Hnmphresianus  and  Blagdeni  have 
been  found  together  with  casts  of  a  large  Chemnitzia  and  PhastaneUn,^ 
Lithologically  this  zone  is  composed  for  the  most  part  of  blue-grey 
limestones,  more  or  less  charged  with  dark-colourod  mud,  and  in 
places  is  rich  in  iron.  The  fossils  partake  of  this  grey  character, 
but  there  is  a  little  difficulty  sometimes  in  distinguishing  specimens 
from  certain  varieties  of  the  Millepore  or  Combrash.  This  is  the 
least  oolitic  in  structure  of  all  the  four  zones  of  the  Lower  Oolites. 

Th^  three  zones  enumerated  above  belong  to  the  Inferior  or  Bajo- 
cian  subdivision  of  the  Lower  Oolites.  The  two  lowest  {i.e.  the 
Dogger  and  the  Millepore)  are  probably  both  in  the  Murchisona 
zone,  the  Millepore  occupying  the  subzone  of  Ammonites  Sotoerhyi, 
though  no  ammonite  has  ever  been  found,  to  my  knowledge,  in  beds 
of  this  horizon  on  the  coast.  The  Scarborough  Limestone,  which 
distinctly  dies  out  on  the  dip,  must  be  regarded  as  on  a  level  with 
the  Coronaten-zone  of  the  Germans.  Above  this  comes  a  third 
'*  estuarine "  series,  which  also  thins  considerably  on  the  dip.  As 
we  have  no  palaeontological  indications  in  Yorkshire  either  of  the 
ParA:tnsont-zone,^  or  of  the  Great  Oolite,  it  is  not  unreasonable  to 
suppose  that  this  third  estuarine  series  may  represent  those  forma- 
tions in  time.  The  gradual  attenuation  of  the  Great  Oolite  (Batho- 
nian)  in  Lincolnshire  ^  as  a  marine  formation  prepares  us  for  this 
change.  Doubtless  the  Yorkshire  Cobnbbash  must  be  regarded  as 
tiie  only  representative  of  Bathonian  beds  in  a  palssontological  sense, 
and  this  constitutes  our 

4.  Fourth  zone,  only  three  or  four  feet  thick  at  Scarborough,  but 
extremely  fossiliferous.  It  corresponds  to  part,  at  least,  of  Dr. 
Brauns'  "  Oolithischen  mergel  und  eiseukalke  mit  Avicula  echinata.** 
llie  fossils  from  this  bed  are  at  once  recognized  by  a  peculiar  waxy 

*  For  details  of  the  sections  at  Handale  and  White  Nab  see  **  Yorkshire  Oolites,** 
part  i.  Proc.  GeoL  Assoc.  toL  iii.  p.  312  0/  seq. 

'  Jim.  Fmrkinaoni,  Sow.,  is  quoted  by  Phillips  from  the  **  Grey  Oolite"  of  White 
^ab,  G.T.  third  edition,  p.  267,  bat  I  have  never  seen  it  in  any  collection. 

s  Judd,  *'  Geology  of  Kutland,"  p.  10. 
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sort  of  calcite,  which  has  been  more  favourable  to  the  preservation 
of  ornament  than  is  usual  in  beds  below  the  Corallian.  The  matrix 
may  be  described  as  a  hard  greyish  marlstone,  sometimes  ferruginous 
and  frequently  flecked  with  large  oolitic  granules ;  sometimes  it  is 
stained  red  from  peroxidation  of  the  iron.  Portions  of  this  bed  are 
a  mass  of  spathic  matter  from  the  abundance  of  shells. 

The  so-called  shales  of  the  Combrash  succeed,  and  these  pass  in- 
sensibly into  the  soft  yellow  base  of  the  ''  Kelloway  Bock/*  which, 
at  Scarborough,  and  thence  throughout  the  whole  of  the  Tabular 
Hills  to  the  western  escarpment  overlooking  the  central  plain  of 
Yorkshire,  represents  a  huge  sand  bank  at  the  base  of  the  Oxfordian. 
l^owards  the  upper  part  of  this  lies  our 

5.  Fifth  zone  usually  known  as  the  Kvllowat  Book.  Bivalves, 
especially  Tngonias,  are  by  no  means  uncommon  in  the  middle 
portions  of  the  Kelloway  Book,  but  the  great  shell  beds  in  which 
alone  recognizable  Gasteropoda  are  found  are  always  on  the  top. 
For  further  information  relative  to  the  Kelloway  Bock  I  must  again 
refer  to  the  "Yorkshire  Oolites."  *  (For  some  of  the  more  charac- 
teristic Cephalopoda  see  table.)  The  matrix  of  these  shell-beds  is 
extremely  variable,  partly  in  consequence  of  atmospheric  influences 
— so  variable  indeed  that  fossils  from  this  horizon  have  puzzled  and 
deceived  many  collectors.  There  is  a  bed  of  fine-grained  calciferous 
sandstone  for  instance,  called  the  chert  bed  by  Mr.  Leckenby,  which 
yields  fossils  so  similar  in  condition  to  those  of  the  Lower  Calcareous 
Grit  in  Cay  ton  Bay,  that  only  a  very  close  inspection  suffices  to 
separate  them.  Another  frequent  mab'ix  is  an  ochreous  sandstone, 
a  third  a  greyish  ferruginous  sandstone,  in  places  stained  red,  and 
charged  with  large  oolitic  granules. 

Sixth  zone, — The  lowest  bed  of  the  "  Oxford  Clay  "  of  Scarborough 
Castle  Hill  contains  numerous  fossils  (see  table  for  some  of  the 
Cephalopods).  It  seems  to  have  some  relationship  with  a  peculiar 
bed  at  Cunstone  Nab  (Gristhorpe)  now  concealed  by  a  landslip, 
which  yielded  many  varieties  of  Ammonites  to  Mr.  Leckenby  in  a 
''  thin  band  of  calcareous  pisolite,"  and  which  were  always  added  to 
the  score  of  the  Kelloway  Bock.  As  regards  the  bed  to  which  I 
now  refer,  on  Scarborough  Castle  Hill  no  specimens  of  the  omati 
are  ever  found  in  it  The  fossils  are  not  well  preserved.  There 
are  numerous  specimens  of  a  Perisphinctes  ammonite,  whilst  the 
cordati  are  represented  by  what  is  probably  Am,  Lamherti,  Am, 
oculatua  also  occurs  and  several  others.  This  may  be  regarded  as 
the  first  of  the  Oxfordian  zones  which  suoceed  the  omalue-heds.  The 
rest  of  the  Oxford  Clay  contains  no  definite  shell-bed,  and  the  upper 
portions  are  almost  as  devoid  of  shells  as  the  sands  of  the  estuarine 
series.  This  desert  region  may  be  regarded  as  the  boundary  between 
the  Brown  and  the  White  Jura  in  Yorkshire. 

'  "Kellaways  Rock"  of  the  Surrey  Memoir,  "  Kelloways  Rock"  of  Phillips, 
**  Kelloway  Rock  "  of  Leckenby.  I  prefer  the  latter  name  as  indiTidualizing  a 
formation  of  greater  importance  and  Mnder  range  in  time  than  the  bed  which  bo  m- 
adequately  represents  it  in  Wiltshire. 

3  Proc.  GeoL  Soc.  vol.  iy.  p.  364.     Cf,  alao  Leckenby,  Q.J.G.S.  1858,  p.  4  e<  m;. 
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The  9e9enih  gone. — ^Li  the  Lowbb  Oaloabious  Grit,  exoept  ia 
the  very  lowest  portions,  fossils  begin  to  oocar  more  scattered  about, 
bat  there  is  a  oalciferous  or  chertj  band  in  Oayton  Bay  which 
oontains  well-preserved  specimens  of  the  ammonites  mentioned  in 
tbe  table,  together  with  bivalves  and  a  very  few  Gasteropoda. 

Hiis  completes  the  description  of  the  zones  or  horizons  from  which 
the  fossils  forming  the  subject  of  Memoir  No.  2  have  been  derived. 

It  must  be  conceded  that  the  condition  of  many  of  these  is  by 
no  means  favourable  to  dose  determination.  Moreover,  differences 
of  preservation  due  to  the  varied  nature  of  the  matrix  have,  I  feel 
sore,  exercised  considerable  influence  on  the  external  appearance  of 
many  of  these  shells,  so  that  when  a  "species"  wears  a  totally 
different  dress,  its  identity  is  liable  to  be  lost.  Added  to  this  is  the 
further  difficulty  that  some  "  species "  have  been  founded  on  casts, 
without  much  regard  to  what  might  be  the  chances  of  the  shell 
itself  having  been  described  by  another  author  from  a  distant  locality 
under  a  totally  different  aspect 

These  and  many  other  circumstances  have  tended  to  make  the 
task  of  describing  the  Gasteropoda  of  the  Lower  beds  a  far  more 
80riou8  undertaking  than  was  the  case  with  the  better  preserved 
Corallian  fossils  described  in  the  first  Memoir.  The  usual  difficulty 
of  nomenclature  is  of  course  the  most  grievous,  and  one  begins  to 
recognize  the  fact  that  a  fossil  name  is  often  little  more  than  a  label 
which  enables  the  collector  or  curator  to  arrange  his  specimens  in 
something  like  order.  If  there  happens  to  be  any  mistake,  such  a 
mistake  is  likely  to  be  handed  down  to  posterity  for  an  indefinite 
period.  For  example,  Natiea  einctay  Phil.,  an  Inferior  Oolite  fossil, 
was  accidentally  classed  by  Phillips  in  the  Coralline  Oolite,  and  has 
been  so  quoted  by  most  paleeontologists.  One  can  easily  believe 
that  for  a  hundred  years  to  come  it  will  be  quoted  in  some  places  as 
a  Corallian  fossiL  It  is  easier  to  make  a  new  rope  than  to  straighten 
one  that  has  got  a  kink. 

With  such  materials  and  under  such  conditions  it  is  not  to  be 
expected  that,  in  selecting  names  for  a  fossil,  those  most  appropriate 
in  a  biological  sense  should  always  be  available.  Indeed,  it  is  not 
seldom  more  difficult  to  locate  a  specimen  generically  than  specifi- 
cally— witness  the  perpetual  shifting  from  one  genus  to  another  of 
oertain  familiar  species.  Provisionally,  in  some  of  these  cases,  it 
might  save  trouble  to  adopt  the  genus  of  the  founder  of  the  species. 

In  concluding  these  introductory  remarks,  I  would  observe  that 
(iasteropoda  bear  an  extremely  small  proportion  to  other  Molluscs  in 
the  beds  under  consideration.  A  collector  may  amass  a  considerable 
number  of  specimens  of  all  sorts  before  he  obtains  any  univalves  fit 
for  figuring.  Nor  are  they  so  useful  in  determining  horizons  as  the 
Cephalopoda,  for  instance,  since  they  seem  to  have  been  more 
influenced  by  "conditions,"  and  are  thus  less  reliable  as  indicators 
of  time. 

My  best  thanks  are  due  to  the  authorities  at  Cambridge,  York,  the 
British  Museum,  and  Jermyn  Street  for  the  facilities  and  assistance 

a&rded*  [To  b4  continued  in  our  next  Number,) 
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n. — SoMK  Points  in  thx  Gsologt  or  Anoubskt. 

By  R.  D.  Roberts,  M.A.,  D.Sc.,  F.6.S. ; 
Clare  Colk^,  Cambridge. 

IBEGBET  that  in  oonaeqiienoe  of  the  omiaaion  of  a  oorrection  in 
my  letter  (Gsol.  Mag.  Dec.  1881),  I  represented  Dr.  Callaway 
as  stating  that  the  Nebo  rook  was  granitoidite  instead  of  a  part  of  the 
granitoidite  series.  When  the  letter  was  written,  I  was  not  able  to 
refer  to  Dr.  Callaway's  paper  for  his  exact  words,  and  on  seeing  the 
paper  two  or  three  days  later,  and  finding  that  I  had  not  grven  ac* 
ourately  the  words,  I  wrote  at  once  to  the  Editor  of  the  Gkolooical 
Magazine,  asking  him  to  substitute  for  the  word  "  granitoidite  "  the 
words  "  Pre-Cambrian  rock."  By  inadvertence  this  was  not  done, 
and  as  proofs  of  letters  are  not  usually  sent  to  authdrs  for  oorrec- 
tion, I  found  that  the  alteration  had  not  been  made  when  the 
December  Magazine  appeared.  Admitting  this  verbal  inaccuracy, 
my  argument  however  is  not  a£Eected. 

Dr.  Callaway's  words  in  the  paper  referred  to  (Gkol.  Mag.  1880, 
p.  118)  are  as  follows :  *<  As  confirming  the  identity  of  the  Anglesey 
and  Twt  Hill  granitoidite  the  following  fact  is  of  importance. 
Messrs.  Bonney  and  Houghton  have  detected  at  Twt  Hill  a  passage 
between  the  granitoidite  and  a  quartzose  conglomerate  with  a  south- 
east dip.  I  have  visited  this  section,  and,  having  examined  the  rock 
inch  by  inch,  I  can  entirely  confirm  their  identification.  There  are 
no  signs  of  a  fault  between  the  granitoidite  and  the  conglomerate, 
and  the  transition  between  the  two  is  gradual  and  unbroken.  I 
have  had  the  good  fortune  to  discover  this  identical  conglomerate  in 
Anglesey.  It  is  exposed  in  two  quarries  near  Nebo  two  miles 
south-west  of  Amlwch,  dipping  to  the  north-west  at  a  high  angle. 
Lithologically  it  is  perfectly  indistinguishable  from  the  Twt  Hill 
rock ;  the  quartz  has  the  same  glazed  surface,  both  conglomerates 
contain  disseminated  crystals  of  cubic  pyrites  and  are  tinged  with 
the  same  dingy  purple  colour.  I  could  find  no  granitoid  rock  in 
these  quarries,  but  the  ordinary  granitoidite  occurs  on  about  the 
same  strike  one-third  of  a  mile  to  the  noi*th-east.  That  this  con- 
glomerate is  not  Cambrian  or  Onlovician  is  proved  by  the  fact  that 
in  these  quarries  black  Ordovician  (Caradoc  or  older)  shales  rest 
on  its  upturned  edges.  It  is  also  associated  with  bands  of  quartzose 
grit  as  in  the  Twt  Hill  locality." 

Dr.  Callaway's  position  is  clearly  this : 

1.  He  believes  that  there  is  an  unbroken  transition  between  the 
quartz  conglomerate  and  the  granitoidite  at  Twt  Hill.  In  other 
words  that  the  Twt  Hill  quartz  conglomerate  is  a  part  of  the  grani- 
toidite series. 

2.  He  identifies  the  quartz  conglomerate  and  grit  at  Nebo  with 
the  quartz  conglomerate  at  Twt  Hill  by  their  lithological  character. 

3.  He  concludes  that  the  quartz  conglomerate  at  Nebo  is  Archcean, 
and  a  part  of  the  granitoidite  series,  because  black  Ordovician  shales 
rest  against  and  on  it,  as  he  believes,  unconformably. 

have  contended  as  follows : — 1.  That  the  Twt  Hill  quartz  con-. 
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glomerate  is  tlie  baaeiiient  bed  of  the  CunbrUn  retting  against  the 
Fre-Cambrisn  granitoid  bans. 

8.  I  alao  identify  the  quartE  oonglomerate  at  Twt  Hill  with  that 
aiNebo. 

8.  I  hold  that  the  duagreement  in  dip  of  the  oonglomeTate  and 
■halea,  in  the  northern  qnany  at  Nebo,  ia  dae  to  a  fault,  as  shown 
in  Fig.  S  in  my  paper  (OiOL.  "aiLQ.  1881,  p.  197).  The  discord- 
Vtv}  between  the  shales  and  conglomerate  in  the  other  or  lower 
qoany  of  Dr.  Callawa;  is  due  to  the  omshiDg  of  the  oonformabU 
overlying  shale  daring  the  movements  of  the  underlying  nnyielding 
grits,  but  the  apparent  anoonformity  iadioated  by  Dr.  Callaway  in 
his  seotioQ  (Q.  J.  Q.  S.  vol.  zxzvii.  1881,  pi.  viii.  fig.  6)  does  not 
exist.  The  divisional  planes  which  he  takes  for  bedding  are 
joints  approximately  parallel  to  the  fault.  To  make  this  clear  I 
give  a  copy  of  Dr.  Callaway's  seotioo.  Fig.  1,  and  my  own 
section  of  the  same  quarry,  Fig.  2. 

Pig.  1.     Sectian  >cra«  Lower  (Santhern]  Onwry,  8.  of  Nabo,  ka^taej. 

Dr.  Csllswtf'i  aectinn  {Q.  O.  J.  B.  to),  xixtu.  pi.  Tiii.  fig.  6>). 

K.W.  __— g-    -_^- __  8.E. 


loCanibrian  ilialcs.     jvCambrian  grit  (called  by  Di.  Cnllairaj  Pre-Cunbrian). 

Fig.  2.     Section  aerow  lower  (Southern)  Qnarrj,  8.  of  Sebo,  ADglwej- 
Dr.  Roberta'!  Seclian. 


a.  Blsck  slate  much  crushed  =  CambriaD  ahalefl. 
icCumbrian  grit  (called  hv  Dr.  Callaway  Fre- Cambrian). 
b'.  Black  elate  and  eubordinate  HUldBknie. 
e.  Vi'ined  and  jointed  grita,  conglomeratic  in  parte. 
i*  =  D)-ke.     fJ'=fauTt». 
The  points  at  ieaue  must  now,  I  think,  be  perfectly  clear. 
Dr.  Callaway  (Geol.  Mao.  Feb.  1882,  p.  67)  says,  referring  to  my 
criticism,  ''  I  have  always  been  perfectly  aware  that  the  black  ehale 
is  faulted  against  the  grit.     Indeed,  in  my  note-book  I  find  a  section 
{dated  July  20,  1880)  which  is  almost  a  facsimile  of  the  figure  in 
Dr.  Roberts's  paper."     He  then  adds  that  his  view  is  that  the  shales 
were  both  unconformable  and  faulted.     I  have  quoted  in  an  earlier 

dth« 
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part  of  this  oommanication  Dr.  Callaway^s  desoription  of  this  section, 
and  it  contains  no  single  word  about  faulting.  Nor  does  his  paper 
(Q.  J.  G.  S.  vol.  XXX vii.  p.  220),  in  which  he  refers  to  the  same 
sections.  It  is  much  to  be  regretted  that  Dr.  Callaway  did  not 
publish  the  section  in  his  private  note-book,  **  which  is  almost  a 
facsimile  "  of  mine,  and  which  he  admits  to  be  a  faithful  representa- 
tion of  the  facts,  instead  of  the  inaccurate  and  misleading  sections 
given  in  his  paper  just  referred  to.  The  case  then  stands  as  follows : 
Black  shales  and  a  quartz  conglomerate  are  shown  in  juxtaposition 
in  two  quarries,  near  Nebo.  Dr.  Callaway  has  asserted  that  they 
are  unconformable,  and  has  based  upon  that  certain  arguments.  In 
the  nortiiem  or  upper  quarry  he  now  admits  that  there  is  a  fault, 
while  in  the  southern  or  lower  quarry  (Fig.  2)  he  has,  according  to 
my  interpretation,  mistaken  joints  for  l>edding;  the  base  of  the 
crushed  shales  as  a  matter  of  fact  coinciding  in  direction  with  the 
bedding  of  the  conglomerate. 

In  concluding  I  may  just  observe  that  Professor  Bonney  no  longer 
holds  the  view  which  Dr.  Callaway  so  strongly  supports  in  the  first 
quoted  paragraph,  namely,  that  the  Twt  Hill  conglomerate  is  a  part  of 
the  granitoidite  series.    Does  Dr.  Callaway  still  adhere  to  this  view  ? 

The  last  point  in  Dr.  Callaway's  paper  as  to  felsite  pebbles  I  pass 
over,  inasmuch  as  I  have  dealt  fully  with  that  matter  in  my  reply 
to  Prof.  Bonney. 

In  the  foregoing  I  have  not  touched  upon  the  metamorphic  rocks 
of  Anglesey,  to  which  a  considerable  part  of  Dr.  Callaway's  paper  is 
devoted.  That  is  a  subject  in  no  way  connected  with  the  matters 
treated  of  in  this  paper,  and  I  leave  it  for  another  communication. 


III. — Notes  on  some  Fossils  from  the  Red  Beds  of  the  Lower 

Devonian,  Torquay,  South  Devon. 

By    BoBERT    Ethbbidob,    F.R.S.,    F.G.S.,   etc. 
(PLATE  rV.  Figs.  4—11.) 

r.  A.  CHAMPERNOWNE  having  requested  me  to  examine 
and  briefly  notice  some  fossils  in  his  collection,  obtained  from 
the  Red  Homalonotus  Beds  of  the  Lower  Devonian,  Torquay,  I  have 
endeavoured  to  comply  with  his  request  so  far  as  the  condition  of 
the  specimens  permits.  Besides  the  Homalonotus  remains,  there  are 
a  number  of  Mollusca  preserved  as  casts,  but,  for  the  most  part,  so 
distorted  by  slaty  cleavage,  as  to  render  their  determination  most 
difficult 

The  following  remarks  on  the  probable  affinities  of  the  fossils 
figured  on  Plate  lY.  may,  it  is  hoped,  induce  other  collectors  to 
examine  the  beds  frow  whence  they  were  obtained,  and  so  lead  to 
the  discovery  of  more  perfectly  preserved  specimens. 

Lamellibranghiata. 
1.  Cypricardia  loBvisulcus,  Eth.  sp.  nov.     (PI.  IV.  Figs.  4  and  6.) 
There  appear  to  be  two  genera  of  Bivalve  Mollusca  represented 
here,  namely,  Cypricardia  and  Modiolopsis  ;  the  former  might  be  a 


B.Eiheridge — Note%  on  Fosrih  from  Red  HomaUmotuB  Beds.  155 


distorted  tbrongh  pressnre  at  the  nmbones,  bat  the 
poBterior  aide  aeems  to  show  the  ridge  which  charaoterisses  Oypri" 
cardia;  the  sharply  defined  oonoentric  ridges,  or  lines  of  growth, 
and  the  depressed  umbones,  are  sufficiently  clear  to  enable  me,  with 
other  charaoters,  to  refer  it  to  the  latter  genus.  The  smooth  deep 
oonoave  depressions  between  the  sharp  elevated  lines  of  growth  are 
highly  cbaracteristio  of  Cyprieardia  and  OyprieardiieB.  I  therefore 
refer  Figs.  4  and  5,  Plato  IV.  to  Oypricardia. 

I  know  no  British  or  foreign  Devonian  species  to  which  I  can 
refer  it.  A  oonvenient  name  would  be  Cyprieardia  UBviavlcus.  This 
oast  somewhat  resembles  Orthonota  {Cyprieardia)  aemieulcata.  Sow, 
(Phillips,  PaL  Fobs.  Dev.  and  Comw.  tab.  17,  fig.  57),  but  is 
a  much  larger  shell,  and  probably  the  concentric  ridges  are  sharper. 
There  is  no  appearance  of  the  transverse  furrows  on  the  posterior 
side,  nor  of  the  intermediate  shorter  ones  mentioned  by  Phillips. 
The  fossil  may,  however,  be  referred  to  Cyprieardia  without  doubt 

JCoc  and  Formation. — ^Lr.  Devonian,  Smuggler's  Cove,  Torquay. 

2.  ModiolopeiB  sp.     (PL  lY.  Fig.  6.) 

It  is  probable  that  Fig.  6  is  only  a  portion  of  a  much  more 
elongated  shell  resembling  posteriorly  an  Anodonta  or  Sanguinolaria. 
I  was  at  first  inclined  to  the  opinion  that  this  specimen  might  prove 
to  be  allied  to  Myalina,  which  occurs  in  the  Middle  Devonian  of 
Exmoor,  but  I  cannot  detect  the  carina  or  ridge  which  characterizes 
some  of  the  Mytili  and  Dreissena.  The  nearest  approach  to  this 
fossil  will  be  found  in  the  genus  Modiolopsis. 

The  shell  was  evidently  thin,  elongated,  and  inequilateral,  and  the 
binge-area  more  or  less  straight  (the  ventral  margin  is  not  seen) ; 
the  posterior  end  was  wider,  probably,  and  higher  than  the  anterior, 
or  much  expanded. 

No  trace  existo  on  the  fossil  of  omamentetion  or  sculpture  save 
broad  undulating  fold-like  lines  of  growth.  A  smaller  specimen, 
not  figured,  belonging  to  the  same  species,  shows  the  stfaight  hinge- 
line  as  seen  in  Modiolopsis  and  Modiola.  The  folds  on  the  sides  of 
the  shell  are  too  coarse  and  undulating  for  Edmondia,  nevertheless 
there  is  much  in  common  with  that  genus  in  the  smaller  unfigured 
specimen. 

As  no  sufficiently  well-marked  specific  characters  can  be  detected 
by  whicb  to  distinguish  this  fossil,  it  would  be  unwise  to  append 
any  specific  name. 

Formation  and  Locality. — From  the  Lincombe  Qiite,  New  Cut, 
Torquay. 

Collection  of  A.  Champemowne,  Esq.,  F.Q.S. 

Bbaohiopoda. 

8.  Spirifera  eultrijugata  ?  Bom.     (PL  IV.  Fig.  9.) 

This  fossil,  which  is  only  an  internal  cast,  is  in  so  unsatisfactory 
a  state  as  to  forbid  accurate  determination.  It  must  either  be 
roferred  to  Spirifera  eultrijugata  or  8.  disjuncta.     Careful  specifio 
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determination  from  such  imperfect  materials  is  hardly  to  be  hoped 
for,  or  desired. 

Sp.  euitrijugata  occurs  in  the  Middle  Devonian  of  the  Eifel,  and 
has,  accoi'ding  to  Dr.  Thos.  Davidson,  F.B.S.,  some  resemblance  to 
Sp.  Bocialis  from  the  Devonian  of  Menzenberg.  Not  the  faintest 
indication  of  ribs  is  observable  on  the  specimen  figured. 

Formation  and  Locality. — Middle?  Devonian  Slates,  Smuggler's 
Cove,  Torquay. 

4.  RhynchoneUa  latieostaf  Dav.     (PI.  IV.  Fig.  7.) 

Notwithstanding  the  imperfect  state  of  preservation  of  this  speci- 
men, there  can  be  little  doubt  in  referring  it  to  the  species  indicated. 
Not  a  single  perfect  specimen  of  Bh,  laticosta  has  occurred  to  Dr. 
Davidson's  careful  researches,  all  the  examples  known  to  him  being 
crushed  and  contorted  ;  no  specimen  with  the  shell  preserved  has  as 
yet  been  discovered  in  the  British  Devonian  rocks. 

The  specimen  figured  (Fig.  7)  is  distorted  in  length  through 
imperfect  slaty-cleavage,  and  is  therefore  all  the  more  difficult  to 
determine  satisfactorily. 

Probably  from  15  to  20  costsB  ornamented  the  surface  of  the 
valves,  but  a  portion  of  the  specimen  lies  hidden  beneath  the  matrix. 

Rh.  PengdLiana  much  resembles  our  specimen,  but  appears  to  have 
more  costss. 

Formation  and  Locality. — From  the  Lower  Devonian  of  Smuggler's 
Cove,  near  Torquay. 

6.  0.  hipparionix,  vel  Orthis  striatida.     (PI.  IV.  Fig.  8.) 

I  infer  from  the  numerous  fine  costse  seen  at  the  ventral  edge  of 
Fig.  8,  as  well  as  from  the  muscular  impressions,  that  this  fossil 
may  be  correctly  referred  to  one  of  the  above-named  species,  most 
probably  to  0.  hipparionix. 

The  costaB  are  coarser  than  are  those  of  0.  striatula,  and  the 
muscular  scars  agree  better  with  0.  hipparionix.  The  costsB  on  the 
frontal  margin  are  coarser  than  those  upon  the  lateral  portion  of  the 
valves. 

It  must,  however,  always  be  borne  in  mind  that  these  are  only 
casts,  and  they  do  not  therefore  often  afford  satisfactory  characters 
upon  which  to  found  specific  determinations. 

Formation  and  Locality. — The  same  as  the  foregoing. 

6.  Chonetes  sordida.     (PL  IV.  Fig.  10.) 

Numerous  specimens  of  Chonetes  sordida  occur  in  Mr.  Champer- 
nowne's  collection. 

I  do  not  think  this  form  can  be  referred  to  the  Ch,  Hardrensis  of 
Phillips.  No  spines  are  observable  along  the  hinge-line,  and  the 
hinge-area  is  less  than  in  the  true  C.  Hardrensis ;  the  valve  is  also 
deeper. 

Fig.  10  represents  a  portion  of  the  surface  of  a  slab,  of  dense 
fine-grained  sandstone  three  inches  square,  completely  covered  with 
this  shell. 

Loc.  and  Formation  as  in  the  preceding. 
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Oastkbopoda. 
7.  Loxonema  f  sp.     (PL  IV.  Pig.  11.) 

This  is  merely  a  oast  of  a  spiral  Qasteropod  resembling  Loxonema 
(or  an  elongated  form  of  Holopella  from  the  Upper  Silurian).  It  is 
probably  safest  to  refer  it  to  Loxonema.  It  ocours  in  the  same  bed 
with  C^oneiee  aordida. 

The  only  object  in  figuring  these  oasts  is  in  order  to  show  the 
associated  fossils  contained  in  certain  beds  in  the  Lower  Devonian 
slates  near  Torquay,  S.  Devon.  Even  such  imperfect  materials 
become  of  value  for  purposes  of  comparison  and  correlation  with 
the  Devonians  of  Nortii  Devon  and  the  EifeL  B.E. 


IV. — Additional  Note  on  Homalonotus  fbom  thb  Devonian* 

By  Henbt  Woodward,  LL.D.,  F.R.S.,  F.G.S. 
(PLATE  IV.  Figs.  1,  2,  3.) 

IN  the  Gbolooioal  Magazine,  November,  1881, 1  published  a  brief 
description,  accompanied  by  a  Plate,  of  a  new  species  of  spinose 
Homdlonotus,  which  I  named  after  its  discoverer,  H,  Champemownei. 

On  the  accompanying  Plate  lY.  Fig.  3, 1  have  given  an  illustration 
of  the  tail  probably  referable  to  the  above-named  species. 

The  specimen  gives  evidence  in  the  axis  of  about  twelve  coalesced 
caudal  rings,  the  anterior  of  which  were  ornamented  with  a  double 
row  of  spines.  The  extremity  of  the  pygidium  is  produced  into 
a  bhint  robust  spine  or  mucro,  which  was  probably  considerably 
longer  than  the  specimen  now  shows  it  to  be,  being  only  preserved 
as  a  cast. 

The  axis  of  the  caudal  shield  is  narrow  and  strongly  annulated, 
8ave  the  last  eight  lines,  which  are  smooth  and  somewhat  more 
contracted,  the  axis  diminishing  from  ten  lines  in  breadth  in  front,  to 
five  lines  near  the  hinder  part  of  the  shield.  The  side  ribs  are 
about  six  in  number,  and  fade  gradually  away  near  the  margin, 
which  is  smooth  and  slightly  elevated. 

The  specimen  is  much  distorted  by  slaty  cleavage. 

Formation  and  Locality, — From  the  Red  Homalonotus  bed,  top  of 
the  Lower  Devonian,  New  Cut,  Torquay. 

Collection  of  A.  Champernowne,  Esq.,  M.A.,  F.G.S.,  Dartington 
Hall,  Totnes,  Devon. 

The  specimen  (Fig.  1)  on  our  Plate  represents  a  tail  of  Homa^ 
lonotus,  obtained  by  E.  B.  Tawney,  Esq.,  M.A.,  F.G.S.,  from 
Smuggler's  Cove.  Torquay,  S.  Devon.  This  pygidium  is  very 
distinct  in  form  from  the  preceding  one.  It  measures  11  lines  in 
breadth  at  its  proximal  border,  and  12^  lines  in  length. 

The  axis  is  very  broad  in  proportion  to  the  lateral  portions,  and 
the  division  between  them  is  but  slight. 

Breadth  of  axis  at  proximal  border  6  lines.  It  is  composed  of 
from  12  to  13  annuli  or  coalesced  caudal  rings,  the  corrugations 
of  which  are  slightly  bent  downwards  on  each  side,  and  continued 
to  the  border  of  the  pygidium  as  well -developed  side  ribs.     The 
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oostiB  diminisli  in  size  and  strength  from  the  proximal  border  till 
they  disappear  near  the  hinder  part  of  the  axis  about  i|^  lines  from 
the  extremity,  which  is  smooth,  or  nearly  so.  Thero  are  no  spines 
or  other  ornamentation  on  the  sarface  of  this  specimen. 

This  pygidium  agrees  most  nearly  in  character  with  HomalcnotM 
Knightii  from  the  Upper  Silurian  (Lndlow  Book) ;  bat  onr  specimen 
is  somewhat  narrower  in  proportion  to  its  length,  and  has  more 
numerous  oostie  than  its  Upper  Silurian  predecessor,  to  which  how- 
ever it  is  clearly  related.  From  the  angular  form  of  the  ribs  and 
the  oontour  of  the  tail,  this  specimen  may  be  named  Howiokmotus 
ganiopygofiB. 

Formation  and  Locality — Middle  or  Lower  Devonian,  Smuggler's 
Cove,  Torquay. 

Collected  by  E.  B.  Tawney,  Esq.,  M.A.,  F.G.S. 

The  third  and  last  specimen  of  Homalonotua  (Fig*  2)  is  from  the 
collection  of  Mr.  John  Edward  Lee,  F.S.A.,  F.G.S.,  Villa  Syracusa, 
Torquay,  and  was  obtained  by  him  from  the  Meadsfoot  Shale,  Ord's 
Bay,  opposite  the  Thatcher.  It  affords  evidence  of  the  presence  of 
a  species  of  HomalonotuSy  but  is,  I  regret,  too  imperfect  for  specific 
description. 

EXPLANATION  OF  PLATE  IV. 

Fio.    1.    SatMlonotusff oniopygausy  B.JW,    Smuggler's  Coye,  Torquay. 

2.  „  sp.  indet    Meadsfoot  Beds,  opposite  the  Thatcher. 

3.  ,,  ChampernowMeifRJW,    Red  Beds,  New  Cnt,  Torquay. 

4.  &  5.  Cyprieardia  Itfvitulcm,  Etheridge  sp.  dot. 

6.  ModiolopsiSf  sp.  P 

7.  Rhynohonella  iaiicMta  ? 

8.  Ortkis  kipparionix  P 

9.  Spirifera  eultrijugata^  Rom. 

10.  Chonetes  sordida. 

11.  LoxonemOf  sp.  P 

FioB.  3 — 11  are  all  from  the  Lower  Deyonian  Red  Homalonotus  Beds,  New 
Cut,  Torquay,  and  are  in  the  Collection  of  A.  Champemowne,  Esq.,  M.A.,  F.G.S. 


y._  On  thk  Classification  of  the  Europkan  Bocks  known  as 

Permian  and  Trias. 

By  the  Rev.  A.  Ibvino,  B.Sc,  B.A.,  F.G.S.  ; 

Senior  Science  Master  of  Wellington  College. 

AS  this  subject  has  been  a  matter  for  considerable  debate  during 
the  past  few  years,  and  tbe  British  Committee  of  the  Inter- 
national Geological  Congress  have  had  the  matter  under  their  con- 
sideration, it  may  be  useful  if  I  attempt  to  place  before  the  readers 
of  the  Geological  Magazine  the  results  of  the  investigations  of  our 
sub-committee.^  As  is  well  known,  the  term  "  Poikilitic  "  has  been 
proposed  in  some  quarters  as  a  comprehensive  name  for  both  series, 
some  writers  advocating  the  view  that  the}'  ought  to  be  regarded  as 
one  **  system,'*  as  indeed  they  were  of  old  under  the  name  "  New 
Bed  Sandstone."     The  palseontological  evidence,  however,  against 

^  It  must  be  understood  that  the  sub-committee  is  in  no  way  collectiyely  re- 
•ponsible  for  any  of  the  statements  made  in  this  paper. 
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this  18  strong,  and  maoh  stronger  in  Germany  than  in  Britain.  In 
the  former  ooantry  there  is  a  definitely  marked  system  below  the 
Tria$,  commonly  known  as  Dyaa,  from  Ihe  faot  that  it  is  made  up  of 
two  well-defined  ''  formations."  The  late  Sir  Boderiok  L  Murchison 
was  mainly  instrumental  in  separating  the  lower  members  from  the 
upper  of  the  series  formerly  known  as  the  **  19ew  Bed  Sandstone  " ; 
but  hia  application  to  the  former  of  the  term  "  Permian  "  was 
scarcely  felicitous.  He  would  have  done  better  to  have  taken  the 
Dyassio  system  of  Germany  as  a  type,  instead  of  the  Bnssian  series, 
for  these  reasons : — 1.  They  are  more  sharply  defined ;  2.  They  have 
had  an  amount  of  labour  bestowed  upon  them  beyond  all  comparison 
greater  than  that  which  has  been  bestowed  upon  the  Bussian  series. 
Murchison's  method  of  procedure  was  arbitrary,  and  has  been  pro- 
ductive of  much  confusion.  I  say  this  from  conviction,  and  not 
from  any  lack  of  reverence  for  the  memory  of  so  great  a  master. 
He  made  a  hasty,  and  necessarily  imperfect,  inspection  (it  could 
baldly  be  called  a  '*  survey")  of  a  series  of  strata  which  occupies 
fully  one-half  of  the  Bussian  European  territory ;  he  then  took  upon 
himself  to  apply  his  condnsions,  drawn  from  what  he  observed  in 
the  Bussian  series,  to  correct  (as  he  thought)  the  Dyassio  classifica- 
tion of  German  geologists,  on  grounds,  the  value  of  which  we  shall 
have  to  look  into  presently ;  and  having  constructed,  according  to  his 
own  notion,  a  **  Paleeozoic  Trias  "  in  place  of  the  established  Dyassio 
system,  he  proceeded  to  apply  this  to  the  English  strata,  and  to 
coDstruct,  entirely  (so  far  as  I  can  see)  on  d  priori  grounds,  a  tripar- 
tite Permian  SyBtemfor  the  British  Area. 

Now,  in  a  discussion  some  time  ago  at  the  Greological  Society  of 
London,'  I  find  Professor  T.  McKenny  Hughes  maintaining  that  many 
of  the  so-called  Permians  were  only  *'  stained  Carboniferous ;  that  tlie 
fossil  lists  had  been  founded  on  a  wrong  classification,  which  had  not 
yet  been  set  right ;  that  the  Permian  system  must  be  broken  up, 
and  part  given  back  to  the  Lower  New  Bed  and  Magnesian  Lime- 
stone system  previously  so  well  established,  and  part  to  the  Carbon- 
iferous."     Mr.  J.  J.  Harris  Teall,  M.A.,  F.G.S.,  expressed  to  me 
his  opinion  that  the  description  of  the  Permian  series  of  Bussia, 
contained  in  Murchison's  Geology  of  Russia  and  the  Ural  Mountains, 
points  to  what  Sir  A.  Bamsay  calls  *'  continental "  conditions,  and  is 
directly  applicable  to  our  Permian  and  Triassic  systems  taken  as  a 
whole.      The  same  gentleman  urges  strongly  the  view  that  rocks 
deposited  conformably  upon,  and  in  contiguity  with,  Coal-measures  in 
this  country  ought  not  to  be  called  Permian  ;  and  that  any  classifi- 
cation which  has  the  effect  of  obscuring  the  marked  break  between 
the  Carboniferous  and  the  Poikilitic  (Permian  and  Trias)  systems  is 
unnatural,  and  should  therefore  be  given  up. 

The  space  in  geological  time  which  this  great  series  of  strata  in- 
tervening between  the  Carboniferous  and  Jurassic  systems  represents 
is  enormous.  Mere  adding  together  of  the  maocima  of  the  deposits 
gives  only  a  rough  approximation ;  so  many  circumstances  which 
affect  the  rate  of  denudation,  and  therefore  of  deposition,  have  to  be 

^  Vide  Quart.  Joum.  Geol.  Soc.  vol.  xxx. 
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taken  into  account  If,  moreover,  we  take,  with  Prof.  Ball,*  *'a 
glimpse  through  the  corridors  of  time,"  and  are  oonvinced  even 
a  little  by  his  arguments,  we  must  make  some  allowance  for  the 
disparity  between  the  work  of  the  tidal  wave  now  and  in  the  remote 
past,  even  within .  the  limits  of  the  geological  record,  and  therefore 
be  cautious  in  drawing  inferences  as  to  duration  of  time  in  a  great 
series  made  up  largely  of  shore-,  bay-,  and  lagoon-formations.  It 
is  in  their  fauna  and  flora,  and  the  enormous  contrast  which  they 
present  at  the  close  of  the  Carboniferous  to  wliat  is  found  at  the 
close  of  the  Triassic  age,  that  we  get  something  like  trustworthy 
data  from  which  to  reason.  But  neither  on  palseontological  nor  on 
stratigraphical  grounds  can  we  take  the  fragmentary  and  fringing 
strata  of  the  series  as  they  occur  in  Britain  for  the  basis  of  such 
a  calculation.  In  the  words  of  Prof.  Credner,  of  Leipzig : '  **  Since 
the  more  complete  investigation  of  the  Alpine  Trias,  we  have  learnt 
to  recognize  formations  of  a  remarkably  similar  facies  (partly  with 
identical  species)  in  Sierra  Nevada  (California),  in  Spitzbergen,  in 
N.  Siberia,  in  New  Zealand,  and  in  the  Himalaya.  It  appears 
therefore  that  the  Alpine  facies  of  the  Trias  is  not,  as  was  supposed, 
a  special  and  local  production,  but  rather  the  essential,  peculiar,  and 
normal  representative  of  the  Triassic  marine  deposits.  The  German 
Trias,  on  the  other  hand,  is  not  the  typical  and  truly  proportionate 
facies,  but  is  merely  local,  consisting  of  shore-,  bay-,  and  lagoon- 
structures.  The  Alpine  Trias  and  the  German  or  English  Trias  are 
related  therefore  much  the  same  as  the  Carboniferous  Limestone  to 
the  Culm,  or  the  Devonian  proper  to  the  Old  Ked  Sandstone."  In 
the  Alps  the  Permian  strata  are  scarcely,  if  at  all,  represented  ;  it  is 
in  the  middle  of  Germany,  in  Thiiringia,  in  Saxony,  and  in  the 
country  which  lies  to  the  south  of  the  Harz  Mountains,  that  we 
must  look  for  their  typical  development. 

The  real  question  at  present  under  discussion  among  English 
geologists  is :  What  shall  be  done  with  the  Permian  seiies  ? 
There  seem  to  be  insuperable  objections  to  classing  them  with  the 
Trias,  in  spite  of  some  lithological  relation  subsisting  between  the 
two  series,  and  of  the  fact  that  they  are  in  places  stratigraphically 
conformable  to  one  another.  In  Germany,  where  the  palseonto- 
logical distinction  is  the  most  pronounced,  the  graduation  from  the 
Dyas  upwards  into  the  Trias  is  most  complete ;  a  fact  which  Mur- 
chison  fully  recognized  years  ago.'  The  following  is  Credner's 
classification  of  the  whole  series  : — 

/  3.  Keuper  :  a  formation  of  marls,  sandstone,  and  gypsum,  with  land- 
TRTAS     )  plant  remains. 

j  2.  MuacHELKALK  :  a  calcareous  formation  with  remains  of  marine  fauna. 

\  1.  Hunter  Sandstein  :  a  shore  formation  with  land-plant  remains. 

/  2.  Zechstbin-group  :  a  formation  of  limestone,  dolomite,  and  gypsum, 
■pvy  A  o      J  with  remains  of  marine  fauna  (**  Kup/erftchieftr  *'  as  a  base). 

j  1.  Eothlieoende  :  a  formation  of  conglomerates,  and  sandstones,  with 

\  remains  of  a  land- flora. 

1   Vide  Nature,  Xos.  630,  631.    A  lecture  by  Prof.  Robert  S.  Ball,  LL.D.,  F.R.S. 

*  £iefneftte  der  Geoiogie,  I^ipzig,  1876  (p.  352). 

*  Vide  Siluria,  also  a  paper  by  Murchison  and  Morris,  Q.  J.  G.  S.,  toI.  xi« 
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The  formations  inoluded  in  the  Dyas  are,  he  remarks,  **  two  series 
of  strata  sharply  distinguished  from  each  other  both  petrographi- 
cally  and  palsdontologioally."  This  woald  probably  have  beea 
aooepted  as  the  normal  order  of  things  in  Europe,  had  it  not  been  for 
the  way  in  which  Murchison  forced  his  views  upon  people,  for. 
which  be  met  during  his  lifetime  with  a  well-merited  rebuke  from 
a  foreigner,  M.  Maroou.^  The  clear  and  masterly  description  of  the. 
German  series,  and  the  comparison  of  it  with  those  of  England, 
Bussia,  the  Alps  and  North  America,  is  worth  any  effort  that  may 
be  required  to  read  what  Credner  has  written  on  the  subject.  A 
great  deal  of  information  may  also  be  obtained  from  the  two 
writings  of  Murchison's  to  which  reference  has  been  made  already : 
they  ought  to  be  read  by  every  student  of  this  subject,  for  they 
contain  a  mine  of  facta ;  but  the  arguments  by  which  these  facts 
are  made  subservient  to  foregone  conclusions  need  analyzing.  We 
must  premise  here  the  note  that  the  Permians  of  Russia  do  not 
admit  of  any  exact  parallelism  petrograpliically  with  the  Dyas  of 
Grermany ;  there  is  no  division  into  an  upper  limestone-  dolomite- 
gypsum-  formation  with  remains  of  a  marine  fauna,  such  as  we  have 
in  the  Zechstein,  and  a  lower  sandstone-  conglomerate-  marl-forma- 
tion with  remains  of  land-plants,  such  as  is  found  in  the  Both- 
liegende.  On  the  contrary,  the  limestones  and  dolomites  of  the 
Bnssian  series  are  repeated  over  and  over  again  through  nearly  ita 
whole  range ;  but  ui>on  the  whole  the  marine  deposits  are  subordi- 
nated to  the  saudstones,  marls,  and  conglomerates.  Let  us  now  see 
how  Murchison  set  to  work  to  upset  the  classification  adopted  in 
Germany. 

1.  He  points  out  that  in  some  districts  of  Germany,  and  in  particular 
in  the  vicinity  of  Eisenach,  where  sub-atmospheric  erosion  has 
carved  the  country  into  deep  valleys  and  ravines,  the  hills  composed 
of  Dyassio  strata  are  capped  by  certain  strata  to  which  he  refers 
under  the  name  of  '*  Bunter-schiefer."  These  are  comprehended  in 
the  lower  division  of  the  Bnnter  formation  by  German  geologists. 
But,  No,  says  Murchison,  they  form  the  natnral  capping  of  the  hills, 
and  I  claim  them  for  tlie  Permian,  and  group  them  with  the  rocks 
on  which  they  lie.  Now  this  surely  is  not  proof.  The  word 
"  natural "  expresses  only  personal  conviction  ;  and  against  the 
conviction  of  one  or  two  English  writers  on  this  point  we  have  to 
set  the  unanimous  conviction  of  a  host  of  German  geologists,  in 
whose  opinion  the  strata  in  question  belong  just  as  '^  naturally"  to 
the  Bunter  Sandstein,  at  the  base  of  which  they  lie  quite  conformably, 
to  which  also  they  are  lithologically  allied. 

2.  Murchison  argues  from  the  fact  that  in  the  Permian  series  of 
Bussia  the  marls  and  sandstones  which  overlie  the  uppermost  dolo- 
mite deposits  contain  remains  of  land-plants  and  of  Protosaurians  of 
species  identical  with  some  found  in  Germany  in  the  Bothliegende 
below  the  Zechstein.  His  argument,  when  stripped  of  rhetoric, 
comes  to  this  :  such  and  such  remains  are  found  in  Germany  below, 

>   Vide  Lettre*  sur  les  Roches  du  Jura,  par  Jules  Marcou,  Paris,  1860. 
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and  in  Hassia  above,  the  dolomittc  strata,  therefore  they  ought  to  he 
found  in  certain  strata  which  in  Germany  lie  above  the  Zechstein ; 
trae,  they  are  not  found  there  at  present,  bat  since  they  ooght  to  be, 
we  will  call  these  strata  Permian,  if  yon  please.  Farther  research 
does  not  seem  to  have  verified  this  exercise  of  the  prophetic  instinct 

8.  A  great  deal  is  made  of  the  fact  that  specimens  of  a  certain 
eqaisetaceous  plant  are  found  in  the  "Banter  Schiefer."  This  is 
quoted  as  C4damite8  *'arenariu$**  (more  correctly  (X  arenciceus). 
Now,  since  Calamtea  is  a  recognized  PalsBOZoic  type  of  plant-life,  it 
is  argued  that  therefore  the  rocks  of  this  horizon  in  Germany  must 
be  considered  Paladozoic,  and  therefore  Permian.  Gk>od  authorities, 
however,  are  doubtful  if  these  are  really  specimens  of  Calamitee  at 
all ;  such  high  authorities  as  Mr.  Etheridge  and  Prof.  Morris  have 
expressed  their  doubts  to  me  on  this  subject  But,  even  if  this 
preliminary  question  were  to  be  answered  in  the  affirmative,  it 
remains  to  be  shown  beyond  a  doubt  that  the  specimens  found  were 
not  derivative.  The  genera  Pecopteria  and  Tasniopterie,  undoubted 
Carboniferous  forms,  are  found  high  up  in  the  Qerman  Trias ;  yet 
no  one  would  think  of  establishing  on  such  evidence  a  close  relation- 
ship between  the  Trias  and  the  Carboniferous. 

It  is  no  wonder  that  such  special  pleading  failed  to  convert  the 
Glerman  school  to  the  Murchisonian  creed.  The  views  thus  pro- 
pounded found,  however,  readier  acceptance  in  England,  notwith- 
standing the  primd  facie  objection,  which  must  have  occurred  to 
many,  to  adopting  as  the  type  of  the  series  the  form  in  which  it  is 
developed  in  the  most  inaccessible  parts  of  Europe.  It  was  adopted 
by  Professor  Hull  in  a  paper  read  by  him  before  the  Greological 
Society  of  London.'  In  this  paper  the  author  appears  to  consider 
the  absence,  as  he  thought,  of  the  Lower  Bunter  from  the  Odenwald 
district,  to  which  the  paper  chiefly  refers,  as  evidence  in  favour  of 
the  Permian  classification  adopted  by  Murchison.  A  reference, 
however,  to  Credner's  text-book  (p.  494)  shows  that  more  recent 
examin6ttion  of  that  district  has  filled  up  the  gap  which  Prof.  Hull 
supposed  to  exist  there. 

In  Siluria  there  is  much  vague  talk  about  the  tripartite  division 
of  the  Permian ;  such  a  division  is  assumed  to  exist  in  Germany, 
and  it  is  argued  therefore  that  it  must  hold  good  in  English  geology. 
The  author  of  the  theory  proceeds  then  to  apply  it  to  our  English 
rocks,  without^  so  far  as  I  can  see,  adducing  any  evidence  in  support 
of  it  from  facts  observed  in  the  English  rocks.  In  a  paper  read  by  him 
before  the  Geological  Society '  he  manipulates  the  observations  of 
Prof.  Harkness  on  the  rocks  of  the  Eden  Valley,  and  on  purely 
theoretical  grounds  overrides  the  previous  judgment  of  that  ahle 
geologist  In  a  paper  some  two  years  previous  to  the  appearance  of 
Murchison's,  to  which  reference  is  now  made,  Prof.  Harkness'  had 
expressed  the  opinion  that  the  great  group  of  sandstones  known  as 
the  **  St.  Bee's  Sandstone  "  bad  more  Triassic  than  Permian  affinities, 
and  that  it  ought  to  be  relegated  to  the  Triassic  system.    Murchison 

1  Vide  Q.  J.  G.  S.  vol.  xiv. 

»  ViiU  Q.J.G.S.  vol.  XX.  »  Ibid,  vol.  xviu. 
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takes  the  contrary  view,  and  oallB  these  rooks  Permian,  in  order  to 
make  the  Edenside  rooks  harmonize  with  his  system.  More  reoent 
and  detailed  examination  of  these  rooks  has  led  to  the  adoption  of 
Harkneaa's  views  on  this  matter,  and  to  the  rejeotion  of  Marohison's. 
Mr.  J.  H.  (Joodohild,  who  has  worked  at  the  systematic  sarvey  of 
these  rooks,  writes  to  me :  '*  My  own  idea  is  that  Sedgwiok  was  right 
in  putting  the  St  Bee*s  sandstone  and  the  shales  that  form  its  natand 
base  in  the  set  of  rooks  which  we  have  to  call  Trias.  Phillips  and 
Harknesa,  and  may  be  others,  followed  Sedgwiok  in  patting  the  beds 
above  the  Magnesian  Limestone  of  the  Eden  Valley  in  with  the 
'Trias';  and  it  was  only  becaase  Murohison  thoaght  there  onght 
to  be  an  unconformity  between  the  Permian  and  Trias,  and  he 
could  find  no  evidence  of  unconformity  in  our  Edenside  rocks,  that 
he  took  upon  himself  to  put  the  upper  half  of  them  into  the  Permian.'' 
Possessed  by  the  notion  that  symmetry  in  classification  was  gained 
by  introducing  the  notion  of  a  **  Palsdozoio  Trias  '*  as  well  as  a  Mesozoic 
one,  the  facts  exhibited  in  the  rocks  themselves  were  expected  to 
oonform  to  theory ;  if  not,  so  much  the  worse  for  the  facts.  (How 
different  this  from  the  almost  excessive  caution  of  our  other  great 
master  Lyell,  now,  like  Murohison,  numbered  among  the  honourable 
ones  of  the  past  whose  work  still  lives  1)  The  classification  put  for- 
ward by  Murohison  still  finds  favour  in  some  quarters ;  and  quite 
recently  so  high  an  authority  as  Prof.  Hull  has  proposed  it  for  the 
acceptance  of  the  British  Committee.  We  must  therefore  inquire 
further,  but  briefly,  how  far  such  views  have  been  confirmed  by 
recent  observations  in  other  areas  than  the  Yale  of  Eden. 

(a)  In  the  north-eastern  area,  Notts,  Yorkshire,  and  Durham. 
Here,  as  in  the  north-west,  certain  thick-bedded  sandstones,  with 
included  breccias,  are  found  at  the  base  of  the  Lower  Mottled  Sand- 
stone of  the  Bunter.  In  deference  to  so  high  an  authority  as  Sir  R, 
I.  Murchison,  I  was  myself,  in  common  with  some  other  observers, 
misled  as  to  these  beds ;  and  in  consequence  argued,  from  what  was 
observed  in  Nottinghamshire,  that  there  was  something  like  a 
gradation  upwards  of  the  Permian  rocks  into  the  Trias  in  that 
district.  In  the  new  edition  of  Mr.  Aveline*s  ''Memoir  on  the 
Geology  of  the  Country  around  Nottingham,"  these  particular  rocks 
are  included  with  the  Bunter  series,  and  good  reasons  are  given  for 
this  being  done.  Mr.  Aveline  quotes  the  opinion  of  Mr.  E.  Wilson, 
F.G.S.,  an  accurate  observer,  on  this  point;  and  to  the  papers  by 
this  gentleman,*  as  well  as  to  the  memoir  itself,  the  reader  must  be 
referred  for  further  information.  It  is  pointed  out  by  Mr.  Aveline 
that  there  is  an  unconformity  in  the  north-eastern  area  between  the 
Permian  and  the  Trias,  but  that  this  is  not  greater  than  that  which 
exists  between  the  Middle  Marls  and  the  Lower  Magnesian  Lime- 
stone, or  between  the  Bunter  and  the  Eeuper.  It  seems,  therefore, 
that  we  may  dismiss  the  notion  of  an  '*  Upper  Permian "  series 
existing  in  this  area. 

(6)  In  South  Lancashire,  as  has  been  recently  shown  by  Mr. 

^  Vid0  Quart.  Joarn.  Geol.  Soc.  vol.  xxxii.  ;   also  Mr.  Wilson*B  paper  in  the 
Midiand  NaturalUt^  and  letters  to  the  Editor  of  the  Geql.  Maq. 
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Straban,*  in  a  paper  which  he  read  at  the  last  meeting  of  the  BritiBh 
Association,  a  certain  duplex  series  of  marls  and  sandstones,  which 
had  been  observed  by  Messrs.  Hull  and  Binney  cropping  out  in  one 
place,  and  had  been  described  by  them  as  "  Upper  Permian,"  are 
really  the  base  of  the  Triassio  series  in  that  district  In  coal-pits 
recently  sunk,  and  in  **  borings,"  they  have  been  found  lying  con- 
formably beneath  the  Triassio  strata,  and  resting  unoonformably 
upon  the  Coal-measures.  A  comparison  of  the  sections  leads  further 
to  the  inference  that  in  the  direction  of  their  attenuation  the  lower 
series  of  these  beds  thins  out  faster  than  the  upper,  and  in  this 
way  their  general  conformity  with  the  Triassio  beds  above  them  is 
shown.  The  position,  therefore,  that  these  beds  can  justly  be  con- 
sidered Upper  Permian,  is  no  longer  tenable.  This  agrees  with  the 
information  with  which  Mr.  C.  E.  De  Ranee,  F.G.S.,  has  been  kind 
enough  to  furnish  me.  He  considers  the  **  Upper  Permian  "  of  the 
Survey  to  be  wanting  in  South  and  South-west  Lancashire,  and  is 
doubtful  if  the  Garstaig  Sandstones  ought  to  be  so  considered.  Mr. 
De  Eanoe  also  considers  the  so-called  **  Upper  Permian "  of  North 
Lancashire  to  occupy  the  same  horizon  as  the  St.  Bee's  Sandstone 
(of.  supra). 

{To  be  continued  in  our  next  Number.') 


VI. — Supplement  to  a  Chapteb  in  the  History  of  Meteorites. 

By  Waltbr  Flight,  D.Sc.,  F.G.S. 
{Continued from  p.  111.) 

1876,  April  7th  (evening). — Epeijes,  Hungary.* 

A  fireball  passed  over  Eperjes  8*^  [?  E.  or  W.]  from  the  meridian, 
and  detonated  at  an  altitude  of  38^  above  the  horizon.  It  exploded 
with  a  very  loud  noise,  and  broke  into  numerous  fiery  fragments. 

1876,  April  20th,  3*40  p.m. — Bowton,  near  Wellington,  seven  miles 

north  of  the  Wrekin,  Shropshire.' 
It  is  not  a  little  curious  that  twice  in  five  years  the  British  Islands 
have  been  visited  with  meteoric  falls ;  in  each  case  a  single  specimen 
has  been  found  and,  the  one  a  small  block  of  iron,  the  other  a  small 
block  of  rock,  they  constitute  the  prettiest  little  cabinet  specimens 
of  the  two  chief  typical  classes  of  meteorites.  The  former  fell  at 
Rowton,  in  April,  ]  876 ;  the  other  near  Middlesborough,  in  York- 
shire, on  March  14th,  1881,  and  will  be  described  later  on.  The 
Bowton  iron  weighs  7f  lbs.  A  strange  rumbling  noise  was  heard 
in  the  air,  followed  almost  instantaneously  by  a  startling  explosion 
resembling  a  discharge  of  heavy  artillery.  Kain  was  falling  heavily 
at  the  time.  About  one  hour  after  the  explosion  was  heard  a  man 
had  occasion  to  go  into  a  turf  field  in  his  occupation  adjoining  the 

1   Vide  Reports  of  Section  C.  of  the  British  Association  for  1881. 

*  Egyetert^  k%  Magyar  (Jjsag.     Budapest,  April  13,  1876. 

'  Wolverhampton  Chronic/e,  and  Birmingham  Daily  Poet;  Nature,  April  7th, 
1876,  and  Nature,  July  27th,  1876.  Walter  Flight,  Paper  read  before  the  Royal 
Society,  February  9th,  1882. 
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Wellington  and  Market  Drayton  Bailway,  when  his  attention  was 
Attracted  to  a  hole  cut  in  the  ground.  He  probed  it  with  a  stick  and 
at  a  depth  of  eighteen  inches,  four  inches  being  of  soil  and  fourteen 
of  solid  day,  he  found  the  mass  of  iron.  The  hole  is  nearly  per- 
pendionlar,  but  the  meteorite  appears  to  have  fallen  in  a  S.E.  direc- 
tion.    The  mass  was  quite  warm,  it  appears,  when  found. 

The  meteorite  passed  into  the  hands  of  Mr.  Ashdown,  the  agent 
of  the  Duke  of  Cleveland,  who  presented  it  to  the  Trustees  of  the 
British  Museum.  The  national  collection  contains  351  distinct 
meteorites,  and  of  these  118  are  iron  masses,  the  fall  of  only  seven 
of  which  has  been  witnessed ;  nine  stony  meteorites  have  fallen  in 
the  British  Islands  and  the  Ro¥rton  iron  is  only  the  second  iron 
meteorite  ^  known  as  having  been  found  in  Oreat  Britain.  Mr. 
Maskelyne  pointed  out  the  resemblance  to  be  traced  between  this  iron 
and  that  of  NedagoUa  in  India,  both  in  its  depth  of  penetration  into 
the  soil  as  well  as  the  direction  of  the  little  mass  in  space. 

The  iron  of  this  meteorite  is  compact  and  bright  and  the  gpreater 

part  of  the  surface  is  covered  with  a  thin  film  of  magnetite :  the 

point  where  it  struck  the  ground  is  worn  bright.    The  composition 

of  this  iron  was  found  to  be : — 

I.  II. 

Iron     91-260    91*046 

Cobalt 0-37U '' 

Copper trace     trace 

100-205  100*123 

The  fragment  of  iron  chosen  for  analysis  contained  half  a  nodule 

of  troilite,  which  was  easily  removed,  and  on  analysis  was  found  to 

have  the  composition  : — 

Theory. 

Iron       63*927     63*64 

Sulphur 36*073    36*36 

100000  100*00 

The  occluded  gases  removed  at  a  red  heat  with  a  Sprengel  pump 

consisted  of: — 

Carbonic  acid     5*156 

hydrogen    77*778 

Carbonic  oxide 7*345 

Nitrogen 9*722 

100000 
The  gases  extracted  were  6  "38  times  the  bulk  of  the  iron  taken  for 
experiment,  an  unusually  large  quantity  ;  due  doubtless  to  the  iron 
being  examined  so  soon  after  its  fall. 

1876,  June  25th,  9—10  a.m.-— Kansas  City,  Missouri.^ 

A  small  meteorite  fell  between  nine  and  ten  in  the  morning  of 
the  above  day,  on  the  tin  roof  of  the  house,  No.  556,  Main  Street, 
Kansas  City.     It  struck  the  roof  with  sufficient  force  to  cut  a  hole 

1  J.  D.  Parker,  Amer.  Journ,  8e,  1876,  Yol.  xii.  p.  a\^. 
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in  the  metal ;  bnt  it  did  not  pass  through,  bounding  back  a  few  feet 
and  coming  to  rest  on  the  roof.  Two  observers  who  were  at  a 
window  close  by  heard  the  sharp  concussion  when  it  struck  the 
roof,  and  one  of  them  immediately  picked  up  the  meteorite  as  it  lay 
near  her  on  the  roof,  but  let  it  fall  again,  finding  it  too  hot  to  retain 
in  the  hand.  It  is  described  as  of  a  plano-convex  form,  one  inch 
and  three  quarters  along  its  greatest  length  and  about  one  third  of 
an  inch  thick.  '*The  convex  surface  possesses  the  usual  crusted 
appearance,  while  the  inside  or  plane  surface. differs  from  oixlinary 
meteorites  in  possessing  the  appearance  of  sulphuret  of  iron,  sub- 
jected to  some  degree  of  heat,  instead  of  nickeiiferous  iix)n.  One 
might  easily  infer  that  the  meteorite  was  shaled  off  from  a  large 
bolide  that  passed  over  the  city  at  that  time."  It  is  much  to  be 
desired  that  this  meteorite  will  pass  into  the  hands  of  a  scientific 
expert  for  examination  and  description. 

Prof.  Kirkwood  describes  eight  large  fireballs,  between  July,  1876, 
and  February,  1877  {American  Journal  of  Science,  1877,  vol.  xiv. 
p.  76) ;  the  time  and  the  real  path  and  appearance  of  one  was : — 

1876,  July  8th.  8.46  p.m. — From  an  altitude  of  88  miles,  passed 
N.  78°  W.  across  the  N.E.  of  Indiana  and  exploded  over  Lake 
Michigan  at  an  altitude  of  34  miles.  The  path  was  inclined  21"^  to 
the  horizon ;  no  detonation  reported ;  train  visible  40  minutes. 

1876,  June  28fh,  11*50  a.iiL— Stalldalen,  near  Kopparberg, 
brebrolan,  Dalecarlia,  Sweden.' 

A  meteor  traversed  a  part  of  Central  Sweden  in  a  W.N.W. 
direction,  and  was  plainly  visible  in  the  very  bright  sunshine.  It 
was  observed  at  Stockholm  and  Sodermanland ;  at  13  English 
miles  S.W.  of  Linkoping  it  was  seen  first  in  a  N.W.  direction,  and 
at  a  considerable  altitude,  and  it  descended  almost  to  the  horizon 
in  the  west.  A  loud  whistling  noise  was  heard  in  the  air  from 
E.  to  W.,  followed  by  two  sharp  reports,  and  others  less  loud 
resembling  thunder.  The  fall  of  the  meteorites  was  witnessed  by 
eight  or  ten  persons,  and  three  or  four  fragments  have  been  secured 
by  Dr.  Lindstrom.  The  largest,  about  the  size  of  two  fists,  weighs 
4^  skalpund  [1  lb.  av.=:  1-068  Itt.  or  skalpund].  Stalldalen  is  a 
station  on  the  Swedish  Central  Railway,  on  the  northernmost  part 
of  Orebrolan.  Some  of  the  meteorites  which  fell  in  water  have 
been  lost. 

It  was  subsequently  ascertained  that  the  total  number  of  stones 
found  is  eleven,  and  they  weigh  collectively  34  kilog.  Lindstrom 
finds  the  total  composition  of  a  portion  of  one  of  these  stones  to  be — 

OlllClC   BClCl  ...  •••  ,a,  ,.•  ...  ,••  ...  ..a  ..a  ...      30*71 

Phosi)horic  acid     0-30 

J\llUUllitt    ...  ...  a, a  a..  ..a  aaa  ...  ••  •  «••  ...  ...  ^    X  X 

Chromium  oxide    0*40 


3 

also 

Akad.  Fdrhindl./  No.  4,  1877,"?.  35. 
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••• 
••• 
•  •  • 


•  • 

•  •• 
••• 

•  ■• 

•  •  • 


Iron  protozida       

Manganeie  protozids    ^. 

Niekd  protoxide    

1  MHlH      •«•    •••    •••    •■•    •••    ••• 

^B^kII^BU*      •••    ••■    •••    •••    ••• 

OIJIl»      •••    aaa    •■•    •••    •••    ••• 

Potash 

MAVIM  •••         •••  •••         •••  •••         ••• 

A^  AV  Amft      •••     •••     •••     •••     •••     •■• 

^^fJIMUw        •••         ca*        «•«         ■••        «»«        ««■ 

PhofphproB    

Sulpour 

Chlorine 


Of  these  ingredients,  4*51  per  cent,  oonstitute 

and  14*65  per  cent,  niokel-iron,  the  composition 
to  be — 

A*VU        •••     (**     c.s     .,,  «,,     ,,a  «••     ■••     •••     •' 

Nickel 

x/vUmAw  #  •••    •••    •••    •••  ••■    •••  •••    •••    •••    • 

A iiospQoms    «••     •••    •«,  «««     «,«  »••     a,,    «••     •. 


.  10*29 

.  0*26 

.  0-20 

.  1-61 

.  2316 

.  0-62 

.  016 

.  2110 

.  1-61 

.  017 

.  001 

.  2-27 

.  0-04 

10000 


magnetic  pyrites, 
of  which  appears 


The  portions  (I.)  gelatinisable  with  and  (II.) 
acid  have  the  following  composition : — 


Silicic  acid 
Phosphoric  acid 

Alumina    

Iron  protoxide  ... 
Nickel  oxide 
Manganese  oxide 

Lime 

Maj^ena  ... 

Soda 

Potash 
Chlorine 


•••    ... 


...     •*.     .. I 


...     ... 


*••     ...     ... 


...     ...     ...     ... 


...     ...    ... 


...     .*• 


•••     ...    ••• 


I. 
36-76 

0-83 

013 
20-35 

0*60 

0-64 
40-47 
0-18 
0-16 
0-13 


.  ...  90-78 

.  ...  8-29 

>•  ...  O'oo 

.  ...  0-06 

100-00 

unacted  upon  by 


II. 
6737 
0-07 
607 
803 


•  •  • 

•  •  • 

•  •• 

•  •• 

•  •• 

•  •• 


■  •  • 
•  •  • 


0-63 
S-41 
23-64 
1*38 
0-23 


100-26  99-73 

In  the  soluble  portion  the  oxygen  ratio  of  acids  to  bases  is 
20-08:  21-16,  and  in  the  insoluble  part  30*64:  15-08.  In  addition 
to  olivine  and  bronzite,  this  meteorite  appears  to  contain  an  insoluble 
felspar  and  a  little  apatite. 

The  Meteoric  Irons  of  the  Mexican  Desert.^ 

Dr.  Lawrence  Smith  takes  stock  afresh  of  our  knowledge  of  the 
masses  of  meteoric  iron  of  that  region  of  Mexico  called  the  BoUon  de 
Mapini,  or  the  Mexican  Desert,  situated  in  Cohahuila  and  Chihuahua, 
two  of  the  northern  provinces  of  the  Mexican  Eepublic.  In  1854 
he  described  three  masses,  two  of  which  (one  weighing  630  kilo- 
grammes, and  the  other  125  kilog.)  were  subsequently  conveyed  to 
the  United  States ;  in  1868  eight  other  masses,  the  largest  of  which 
Weighed  325  kilog.,  were  conveyed  to  the  United  States ;  and  later 
still,  in  1871,  Dr.  Smith  published  a  description  of  a  still  larger 
block,  estimated  to  weigh  3,500  kilog.,  now  lying  in  the  western 

^  J.  L.  Smith,  Amer,  Joum,  Se.  1876,  xii.  107. 
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bonndary  of  the  Desert  near  El  Para.  There  is,  moreover,  some 
account  of  a  mass  yet  vaster  to  be  seen  in  the  very  centre  of  the 
desolate  region.  In  this  district  alone  not  less  than  15,000  kilo- 
grammes in  weight  of  meteoritic  masses  have  been  discovered. 

While  examining  sections  of  two  of  the  above-mentioned  masses, 
Dr.  Smith  noticed  a  number  of  nodular  concretions  imbedded  in  the 
metal,  having  at  first  sight  the  appearance  of  "  very  finely  crystal- 
lized troilite " ;  closer  inspection,  however,  reveals  the  fact  that 
most  of  these  nodules  have  more  or  less  of  a  black  mineral  associated 
with  them.  This  substance  was  ascertained  to  be — not  graphite,  as 
might  at  first  sight  have  been  supposed, — but  chromium  monoaul- 
phide,  a  mineral  new  both  to  terrestrial  and  celestial  mineralogy. 

Daubreelite,  as  Dr.  Smith  has  named  it,  is  a  black  lustrous 
mineral,  highly  crystalline,  usually  occurring  on  the  surface  of  the 
nodules  of  troilite,  but  sometimes  traversing  them ;  in  one  nodule 
a  vein  of  the  mineral,  2  millims.  wide  and  12  millims.  in  length, 
crosses  the  very  centre  of  a  nodule.  It  exhibits  a  disjiinct  cleavage, 
is  very  fragile,  and  is  feebly  magnetic :  the  powdered  mineral  is 
perfectly  black,  and  is  but  slightly  acted  upon  by  strong  acids,  with 
the  exception  of  nitric  acid,  in  which  it  completely  dissolves  ;  this 
reaction  serves  to  distinguish  and  separate  it  from  chromite.  The 
mineral  has  not  yet  been  completely  analyzed  ;  one  hundred  milli- 
grammes were  examined  and  found  to  contain  36*48  per  cent,  of 
sulphur,  the  remainder  being  chromium,  with  nearly  10  per  cent,  of 
iron,  and  a  little  carbonaceous  matter.  (Chromium  monosulphide 
contains  chromium  =  62-88,  and  sulphur  =  37'62  ;  iron-monosul- 
phide  troilite  contains  iron  =  63*64,  and  sulphur  =  36*36.)  The 
discovery  of  this  new  body  is  of  great  interest  in  extending  the 
knowledge  already  arrived  at  by  aid  of  the  spectroscope  of  the 
distribution  of  chromium  in  cosmical  bodies. 

Dr.  L.  Smith  *  publishes  a   further  paper  on  the  new  mineral 

occurring  in  the  irons,  to  which  mineral  he  has  given  the  name  of 

daubreelite.     It  possesses  the  following  composition  : — 

Calculated.  Found. 

Sulphur     44-29  43-26 

Chromium 36-33  36-38 

Iron 19-38  2036 


100-00  10000 

It  is  a  sulphide  corresponding  in  atomic  constituents  to  the  well- 
known  oxide,  chromite  (FeO,CrO,),  daubreelite  being  FeS.CrSj, 
sulphur  replacing  the  oxygen.  The  calculation  of  the  composition 
is  based  upon  the  sulphur  found  in  the  analyses.  The  finer  powder 
obtained  by  cutting  sections  of  the  irons  are  treated  with  a  magnet 
to  remove  the  nickel-iron ;  that  remaining  consists  of  troilite  and 
daubreelite.  This  is  then  digested  with  strong  hydrochloric  acid 
several  times;  all  the  troilite  dissolves  readily,  and  the  residue 
consists  of  the  new  sulphide.  "  It  consists  of  shining  black  frag- 
ments, more  or  less  scaly  in  structure,  not  altogether  unlike  fine 
particles  of  molybdenite."     The  fracture  is  uneven,  except  in  one 

^  Atner.  Joum.  Se,  1878,  x?i.  p.  270. 
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direction,  where  there  appears  to  he  a  cleavage.  It  is  brittle  and 
easily  pulverized,  the  fine  particles  retaining  their  hrilliancy.  It  is 
not  magnetic,  and  but  slightly  altered  before  the  blow-pipe.  It 
is  not  aeted  npon  in  the  slightest  degree  by  hydrochloric  acid,  either 
oold  or  hot,  but  dissolves  slowly  and  completely  in  nitric  acid  when 
wanned  with  it.     The  specific  gravity  is  5*01. 

Other  meteoric  irons,  such  as  those  irom  Toluca,  Mexico,  and 
Sevier  Co.,  Tennessee,  contain  this  mineral. 

Some  time  ago  attention  was  directed  to  the  discovery  by  Dr. 
L.  Smith  ^  of  daubreelite  in  one  of  these  irons.  He  has  since  met 
with  a  nodule  of  chromite  in  the  interior  of  compact  iron  from  one 
of  these  masses.  His  attention  was  attracted  to  an  inclosed  nodule, 
the  Instre  of  which  was  less  vitreous  than  that  of  the  chromium 
snlphide :  it  was  virtually  a  black  granular  mass.  When  heated 
with  strong  nitric  acid  in  the  water-bath,  not  the  slightest  impres- 
sion was  made  upon  it,  thus  showing  that  it  is  not  daubreelite. 
Heating  it  iq  fused  sodium  carbonate  in  no  way  affected  its  non- 
aolnbility  in  acids;  150  millegramraes  of  the  finely  pulverized 
mineral  were  fused  with  ten  times  its  weight  of  sodium  bisulphate 
and  were  attacked  but  not  dissolved.  Subsequent  treatment  with 
sodiam  carbonate  and  nitre  broke   it  up   and  the  results  of  the 

analysis  were : 

Chromium  oxide 62*71 

Iron  protoxide     33*83 

96-64 
While  chromite  has  been  known  to  be  associated  with  meteorites, 
this  is  the  first  instance  of  its  having  been  found  imbedded  in  this 
manner  in  the  interior  of  meteoric  iron. 

Some  of  the  particles  of  chromite  when  placed  in  very  intense 
light  were  found  to  be  feebly  translucent  and  to  have  a  dark  reddish- 
purple  colour.  This  observation,  it  appears,  had  already  been  made 
by  M.  Stanislaus  Meunier,  of  Paris. 

1876,  December  2l8t,  840  p.m. — Rochester,  Fulton  Co.,  Indiana. 

[Lat.  41°  8',  Long.  86°  12'J ' 

This  remarkable  meteor  passed  over  the  States  of  Kansas,  Mis- 
souri, Illinois,  Indiana,  and  Ohio,  a  distance  from  E.  to  W.  of  about 
800  miles.  It  burst  into  numerous  fragments  during  its  passage, 
producing  "  a  fiock  of  brilliant  balls  chasing  each  other  across  the 
sky,  the  number  being  variously  estimated  from  twenty  to  one 
hundred."  Over  all  the  regions  of  Central  Illinois  a  series  of 
terrific  explosions  was  heard.  Over  the  northern  part  of  Indiana 
the  passage  of  the  body  was  followed  by  loud  explosions.  A  piece 
of  the  meteorite,  a  few  ounces  in  weight,  fell  near  Rochester,  la.  A 
portion  in  the  possession  of  Prof.  Shepard  was  discovered  on  the 
following  day  lying  in  the  snow.  Two  places  were  noticed  where  it 
had  previously  struck,  whence  it  had  bounded  to  its  resting-place. 

»  Amer,  Journ,  8c.  ii.  1871,  and  xvi.  1878,  270. 

'  H.  A.  Newton,  Amer.  Journ.  Sc.  1877,  xiii.  166 ;  J.  L.  Smith,  Amer.  Journ, 
Be.  1877,  xiii.  243,  and  xiv.  219  ;  C.  U.  Shepard,  Amer.  Journ.  Sc.  18TT,^dii.  ^^\  \ 
^Toi,  Kirkwood,  Amer.  Jourtt.  Sc.  1877,  xiy.  75. 
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It  is  stated  by  Prof.  Shepard  to  closely  resemble  the  meteorite  of 
Pegu,  India  (27th  December,  1857),  and  to  consist  of  dark  ash-grey 
spherules  (Boltonite),  imbedded  in  a  nearly  ivhite  pulverulent 
matrix,  "chladnite,"  olivine  in  distinct  grains,  nickel-iron,  and  a 
little  troilite.  The  specific  gravity  of  a  fragment  partially  covered 
with  crust  was  3*65. 

According  to  Prof.  Kirkwood  its  elevation  at  Bloomington,  where 
it  was  well  noticed,  was  fifteen  degrees,  and  it  is  calculated  that  the 
length  of  the  observed  track  was  from  1000  to  1100  miles,  one  of 
the  longest  on  record.  Its  height  is  supposed  to  have  been  thirty- 
eight  miles  above  the  place  where  the  small  fragment  fell  from  it.  Its 
velocity  in  reference  to  the  earth's  surface  appears  to  be  from  eight 
to  twelve  miles  per  second.  The  pyrotechuical  display  is  said  to 
have  been  transcendently  beautifuL 

The  entire  fragment  did  not  weigh  400  grammes,  and  it  is  reason- 
able to  suppose  that  the  stone  it«elf  was  dissipated  into  very  minute 
fragments  and  dust,  as  appears  to  have  been  the  case  in  the  Hessle 
fall  and  in  other  similar  instances.  The  stone,  according  to  Dr.  L. 
Smith,  is  markedly  pisolitic  (highly  chondritic),  very  friable,  of  a 
grey  colour,  is  easily  crushed  between  the  fingers  into  a  light  powder, 
some  to  a  fine  dust,  and  to  small  globules,  some  of  them  being  per- 
fectly spherical.  In  many  respects  it  appears  to  bear  a  close  resem- 
blance with  the  Omans  meteorite.  Dr.  L.  Smith  found  it  to  resemble 
most  closely  the  Aussun  stone.  The  coating  is  dull  black  and  quite 
rough,  and  the  specific  gravity  8*55.  The  stone  contained  8*31  per 
cent,  of  troilite,  and  on  treatment  with  hydrochloric  acid  was  found 
to  consist  of : — 

A.  Soluble  silicates     47'80 

B.  Insoluble  silicates 62*20 

which  contained  respectively  :  — 

Silicic  acid 
Iron  protoxide... 

Alumina 

Chromium  oxide 

Lime       

Magnesia 

•socia. .  •     >••     ••■ 


ly:- 

A. 

10000 
B. 

34-55 

...    67-81 

27-76 

...     11-04 

trace 

...      0-23 

...     o-io 

trace 

...      6-31 

36-38 

...     24-97 

0-46 

...      0-84 

9914  100-30 

Some  of  the  globules,  when  picked  out  and  analyzed,  were  found 

to  possess  the  same  composition  as  that  of  the  complete  rock  itself, 

which  showed  them  to  be  merely  concretions  of  the  matrix.     The 

nickel-iron  contained : — 

Iron  =  94-49  ;  Nickel  =  4-12  ;  and  Cobalt  =  0*61 ;  e  99*12. 

The  mineral  constituents  of  the  Eochester  meteorite  are  : — 
Bronzite  and  pyroxene  minerals 46*00 

V/  U  T  xuu  •••    •••   •••   •••   •••   •••   •••   ••■   •••   «t  w 

Nickel-iron 10-00 

A  X  \JxXX  \n3  •••  •••  •••  •••  •••  •••  •••  ■••  •••  w    W 

Chrome  iron 0*16 

{To  be  continued  in  our  next  Jiumber,) 
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VII. — The  Life  and  Work  of  Linnabsson. 

By  Prof,  Chajs.  Lapworth,  F.G.S. 

(Concluded  from  page  122.) 

TTTE  now  enter  upon  the  third  and  concluding  term  of  Linnareson's 
Vf  geological  career.  This  extended  from  the  commencement 
of  the  year  1876  to  the  date  of  his  untimely  death  in  September, 
1881.  Hitherto,  he  had  been  occupied  mainly  in  the  development 
of  the  grander  natural  divisions  of  the  Lower  Palsaozoio  Succession 
of  Sweden.  This  final  period  was  devoted  to  the  task  of  elaborating 
their  minor  subdivisions  and  best-characterized  zones  of  life. 

In  a  paper  contributed  to  the  Geologioal  Magazine  in  June, 
1876,  on  the  "Vertical  Range  of  the  Chief  Graptolitic  Types  in 
Sweden,"  Linnarsson  unconsciously  struck  into  the  new  path  of 
original  research  and  discovery  he  followed  thenceforward  to  the  end 
of  his  life.  On  reading  the  MS.  of  this  paper  and  examining  the 
illustrative  examples  forwarded  by  him  to  my  friend  Professor  H. 
Alleyne  Nicholson,  I  was  greatly  pleased  to  find  that  the  range  of 
the  Swedish  forms  noticed  corresponded  precisely  with  the  range 
of  the  same  species  in  British  rocks  as  previously  worked  out  by 
myself.  This  circumstance  prompted  me  to  lay  before  Linnarsson 
the  chief  points  I  had  already  developed  respecting  the  true  order  of 
tlie  Graptolite-bearing  strata  of  Britain,  and  the  vertical  range  of 
some  of  the  more  characteristic  species  occurring  within  them.  He 
was  delighted  to  find  that  his  deductions  were  in  harmony  with  my 
own,  and  in  return  gave  me  a  detailed  account  of  all  that  had  been 
accomplished  in  this  department  in  Sweden  up  to  that  date.  He 
followed  with  the  keenest  interest  every  stage  of  my  later  work 
among  the  Palseozoic  rocks  and  fossils  of  Britain,  applied  the  same 
methods  of  research  to  the  Graptolite-bearing  rocks  of  Sweden,  and 
long  before  his  death  had  placed  it  absolutely  beyond  question  that 
the  grander  Graptolitic  zones  recognizable  among  the  Lower  Palaeo- 
zoic rocks  of  this  country  have  their  exact  parallels  in  Sweden,  and 
are  characterized  either  by  the  same,  or  by  a  representative  series  of 
these  fossils.  The  study  of  the  subordinate  zones  and  their  charac- 
teristic Graptolithina  has  been  taken  up  with  great  earnestness  of 
late  years  by  Linnarsson's  pupil  and  successor,  Dr.  Sven  TuUberg, 
whose  published  works  upon  this  subject  are  a  sufficient  proof  that 
this  task  will  be  completed  in  a  manner  worthy  of  the  master 
himself. 

A  memoir  upon  the  Graptolitic  shales  of  Kongslena  in  Westro- 
gothia  (1877)  was  Linnarsson 's  earliest  contribution  to  this  special 
Bdbject.  In  this  paper  he  made  known  the  existence  of  a  typical 
Birkhill  Qmptolite  fauna  in  the  lower  division  of  the  Upper  Grap- 
tolite  Shfides  of  Sweden,  and  showed,  what  had  already  been  insisted 
npon  by  myself  as  regards  Britain,  that  this  fauna  was  of  more 
recent  date  than  the  Llandeilo,  to  which  it  had  hitherto  been  referred, 
and  was  in  all  likelihood  of  Llandovery  age. 

Linnarsson's  succeeding  memoir,  "  Upon  the  Graptolite-bearing 
Shales  of  Soania,"  has  been  already  noticed  in  detail  in  l\iQ  ^^^^  ol 
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this  Magazine  (Vol.  VTL  1880,  pp.  29  and  68).  It  is  a  paper  of 
which  it  is  impossible  to  speak  too  highly.  It  marks  anew  departure 
in  the  history  of  Swedish  geology, — the  extension  of  the  method 
of  "  zones  '*  to  the  investigation  of  the  sequence  among  the  litholo- 
gically  similar  masses  of  Graptolitio  Shales, — a  method  which  is  at 
present  being  extended  with  minute  elaboration  and  moat  remarkable 
results  to  the  development  of  the  succession  among  the  entire  series 
of  Graptolitio  Shales  in  Sweden,  by  Dr.  Tullberg  in  Scania,  and  by 
Dr.  Sven.  Tomquist  in  the  more  complicated  region  of  Dalame. 

Additional  Graptolite- bearing  strata,  of  Cambrian  age,  were 
detected  by  Linnarsson  in  1870,  in  the  district  of  Weatrogothia, 
in  the  upper  part  of  the  Swedish  representative  of  the  British 
Tremadoc  formation ;  and  corresponding  beds  with  Dictyonema  in  the 
same  region  in  1880.  His  last  published  paper  (1880)  contains  an 
account  of  his  disooYery  of  typical  Gala  Beds  (beds  with  Mono- 
grapttis  turrietUatua,  Barr.),  in  the  neighbourhood  of  Motala,  Central 
Sweden. 

Hitherto  we  have  confined  our  remarks  to  the  geological  labours 
of  Linnarsson,  as  it  is  upon  these  that  his  well -earned  fame 
will  mainly  rest  in  the  future.  His  strictly  pal-aontologMal  works, 
however,  demand  a  special  notice  in  this  place ;  for  in  interest  and 
importance  they  are  nowise  inferior  to  his  geological  studies ;  while  in 
clearness  of  description,  and  in  the  evidences  they  afford  of  keenness 
of  palseontological  insight,  and  conscientious  accuracy  of  description, 
they  are  worthy  to  be  compared  with  the  best  efforts  of  Angelin 
himself. 

Linnarsson's  earlier  palaeontological  labours  were  confined  almost 
wholly  to  the  Trilobita.  In  this  department  of  the  science  he 
enjoyed  exceptional  advantages  in  being  able  to  study  the  magnifi- 
cent type  collection  of  Angelin.  liis  first  ambitions  attempt  in  this 
direction — the  supplement  to  his  own  **  Vestrogotlands  Cambriska  och 
Siluriska  Afiagringar,"  is  perhaps  his  masterpiece,  and  is  demon- 
strative of  the  profundity  and  accuracy  of  his  knowledge  of  the 
group.  Let  the  reader  compare  the  minute  descriptions  of  the  new 
or  little  known  forms  in  this  work,  and  their  careful  allocation  to 
their  definite  horizons  in  the  vertical  series,  with  the  curt  descriptions 
and  rough  localization  of  the  older  species  as  given  in  Angelinas 
'^  Palseontologica  Scandinavica,"  and  the  contrast  between  the  broad 
half-careless  glance  of  the  master,  and  the  searching  and  microscopic- 
ally accurate  gaze  of  his  great  pupil  is  at  once  apparent  Linnarsson's 
knowledge  of  the  Trilobita  was  the  thorough  knowledge  of  a 
specialist,  descending  to  minutiaa  far  beyond  the  reach  of  the  general 
palaeontologist. 

The  several  papers  published  by  Linnarsson  upon  the  Trilobita  of 
Sweden  are,  as  will  be  seen  from  the  list  appended  to  the  present 
memoir,  some  seven  or  eight  in  number.  Three  of  these  are  of 
especial  interest.  In  1871  he  described  a  new  form  of  Faradoxides 
(F.  Kjerulfi)  from  the  "Primordial  Zone"  of  Sweden  and  Norway. 
Tina  form,  which  belongs  to  the  same  type  as  the  Olenellus  of 
Billings,  is  to-day  remarkable  as  being  the  oldest  Trilobita  form  yet 
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detected  in  Soandinavia,  forming  the  type  species  of  the  lowest 
Trilobite  zone  throughoat  the  peninsula  and  the  neighbouring 
islands.  In  1877  he  gave  a  careful  analysis  and  description  of  tlie 
forms  comp^ing  the  fauna  of  a  second  horizon  in  the  "  Primordial 
Zone  *'  of  Oland,  characterized  by  the  strange  form  Paradoxides 
(MamdieuB  (Sjogren).  This  horizon,  placed  by  Sj5gren  in  the  higher 
part  of  .the  Paradoxidian,  is  at  present,  through  the  researches  of  Dr. 
Nathorst  and  Prof.  Br5gger,  of  Christiania,  known  to  be  actually 
situated  immediately  above  the  zone  of  P.  Kjerulfi,  as  suggested  by 
Linnarsson  himself  many  years  ago,  in  opposition  to  the  physical 
testimony  apparent  at  the  time.  Linnarsson's  elaborate  paper  upon 
"  The  fauna  of  Conocoryphe  Exsulaus  Limestone  "  has  been  already 
referred  to  at  length  in  these  columns.  His  last  paper  upon 
Trilobites  is  entitled  **  On  the  species  of  fossils  in  the  Swedish  bed 
with  Pdiura  $earabeoide8.'*  It  was  published  in  1880,  and  gives  a 
most  exhaustive  description  of  the  Swedish  fauna  of  this  special  zone 
of  the  Upper  Oambrian,  which  answers  to  the  Dolgelly  Group  of 
Belt,  and  the  well-known  Olenus-bearing  black  shales  of  Malvern ; 
at  least  six  out  of  the  nine  forms  noticed  by  Linnarsson  being 
common  to  the  British  and  Scandinavian  strata  of  the  zone. 

The  chief  fruit  of  Linnarsson's  studies  of  the  Brachiopoda  was 
his  well-known  paper  on  the  ''  Brachiopoda  of  the  Paradoxides  Beds 
of  Sweden,"  written  in  English  and  published  in  the  year  1876.  In 
this  memoir  he  gave  a  minute  description  of  the  eleven  forms 
occurring  in  the  Swedish  deposits  of  this  age  (many  of  them  being 
new  species),  illustrated  with  excellent  figures,  and  tables  showing 
the  sequence  and  fossils  of  their  containing  beds. 

Of  late  years  Linnarsson,  as  we  have  already  pointed  out,  devoted 
special  attention  to  the  Graptolithina,  which  interested  him  greatly 
because  of  their  value  as  geological  indices  of  the  position  of  their 
containing  zones.  He  published,  however,  only  two  palasontological 
memoirs  upon  the  group.  The  first  (on  the  Graptolites  of  Goth- 
land) I  have  already  noticed  (Geol.  Mag.  1880,  p.  68).  The  second 
(on  the  Graptolites  of  the  Zone  of  JIf.  turrictdatus  near  Motala)  was 
published  just  before  his  death.  It  is  altogether  an  excellent 
memoir  upon  this  new  subject;  and  it  shows  how  earnestly  and' 
thoroughly  Linnarsson  performed  his  palsBontological  work,  and 
with  what  patience  and  care  he  must  have  devoted  himself  to  the 
study  of  these  formerly  neglected  fossils. 

The  winter  before  his  death  Linnarsson  completed  the  geological 
mapping  of  the  sheet  "  Vreta  Kloste,"  and  wrote  a  description  for 
the  press.  In  addition  he  prepared  a  monograph  upon  the  *^  Lower 
Paradoxides  Beds  of  Andrarum,"  giving  an  account  of  the  strati- 
graphy of  the  component  beds  and  an  extended  description  of  the 
included  fossils,  of  which  some  44  are  new  to  science.  It  is  satis- 
factory to  learn  that  this  work  is  now  being  printed,  and  will  soon 
appear  among  the  scientific  memoirs  issued  by  the  Swedish  Geolo- 
gical Survey. 

At  the  time  of  his  death,  Linnarsson  was  busied  on  collecting 
inaterials  for  a  monograph  of  the  Lower  Palsdozoic  strata  of  Ostro- 
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gothia,  a  r^on  to  which  he  had  devoted  much  attention  during  the 
last  few  years. 

It  is,  perhaps,  no  surprise  to  many  of  us  to  learn  that  Linnarsson's 
dearest  project  was  the  publication  of  a  oomprehensive  work — Siluria 
Suactca^  upon  the  Lower  Palfieozoic  rocks  and  fossils  of  his  native 
land.  This  idea  seems  long  to  have  possessed  him,  and  for  many 
years  past  his  plan  of  labour,  and  his  method  of  aooumnlation  of 
material  and  publication  of  results,  were  all  arranged  to  this  special 
end.  Indeed,  he  appears  to  have  left  behind  him  a  laige  portion  of 
this  work  in  manuscript.  It  is  to  be  hoped  that  this  relio  is  in  a 
sufficiently  complete  state  to  admit  of  its  publication,  and  that  some 
one  of  his  learned  colleagues  upon  the  Survey  will  generously  edit 
it  It  is  but  fitting  that  everything  which  Linnarsson  wrote  should 
be  devoted  to  the  advancement  of  the  science  for  which  he  lived, 
and  for  which  he  died.  Linnarsson's  fame  rests  securely  upon  the 
extent,  the  brilliance,  and  the  perfect  reliability  of  the  work  he  ac- 
complished, and  the  main  results  of  which  he  published,  during  his 
lifetime.  But  with  the  magnificent  example  of  the  posthumous 
memoirs  of  Angelin  before  our  eyes,  we  cannot  but  feel  tlukt  the  name 
of  Linnarsson  is  worthy  as  splendid  a  monument. 

Linnarsson  was  a  good  classical  scholar,  and  took  an  especial 
delight  in  the  beauties  of  Grecian  literature.  Personally,  he  was 
frank  and  generous,  gaining  the  life-long  esteem  and  affection  of  all 
with  whom  he  became  associated,  equal  and  inferior  alike.  Hopeful, 
honest,  modest,  and  unselfish,  his  sunshiny  nature  rendered  him  an 
eminently  lovable  companion  and  friend,  while  at  the  same  time 
he  was  an  unsparing  eueray  of  all  that  was  mean  and  self-seeking. 

Linnarsson's  contributions,  to  the  Geology  of  Sweden  will  be  ap- 
parent upon  a  study  of  the  following  table,  which  gives  the  succes- 
sion of  the  Swedish  formations  as  developed  by  him  in  the  papers 
published  previous  to  his  death  (1881). 

TilBLB     SHOWING    THE     NATURAL     SUCCESSION     AMONG    THE     LOWSB    PaLJEOZOIC 

Strata  of  Sweden,  as  developed  bt  the  Labours  of  Dr.  G.  Linnarsson. 

(September,  1881.) 
A.  Cambrian  System. 

I.  Eophyton  Sandstone  (Linnrs.). 
JI.  Fucoid  Sandstone  {JAsmn.), 
III.  Faradoxidea  Beds  (linnrs.). 

1.  Strata  with  Paradoxides  Kjeru\/i  (Linnrs.). 

2.  ,,  (Paradoxides  olandicus)  (Linnrs.). 

3.  ,,  Paradox.  Tessini,  Bron^.  (Linnrs.). 
(  (a).  Exsulans  Limestones  (LinnrsI). 

J  lb),  St4bzone  Yni\i  F.  Hieksii^  Salt.  (Linnrs.). 
\\e),  ,,  Agnostus  rex,  Barr.  ^Linnrs.). 

4.  Strata  with  Paradoxides  Davidis,  Salt.  (Linnrs.). 

5.  ,,  ,,  Forehhammerif  Salt.  (Linnrs.) 

6.  ,,  Agnnstits  lavigatus,  Dalm.  (Linnrs.). 
IV.  Olentts  Shales  (Linnrs.). 

1.  Beds  with  Agnostus  pisiformis,  Linnrs. 

2.  ,,  Beyrickia  Angelini,  Barr. 

3.  „  Ortkis  lentieularis,  Wahl. 

4.  ,,  Zeptoplastits  and  JSurt/care. 
6.  ,,  Feltura  scarabeoides^  Wahl. 
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y.  Didyonema  Shalen  (Linnn.). 

1.  Strata  with  DietyonemaflabelUformey  Eichw. 

2.  „         OboUUa  SaUeriy  Moll. 

B,  Obdoyiciak  System. 

I.   Ceratopyge  Limettone  (Linnrs.). 
II.  Lower  Graptolite  Shales  (Linnrs.)  (PhyUograptns  Shales  of  Dr.  Tomquist). 
III.  Orthoceras  Limestone. 
lY.  Middle  Graptolite  Shales  (Linnrs.). 

1.  Zone  with  Phyllograptus  typus.  Hall. 

2.  ,,  Didymoyraptua  geniinust  His. 

3.  ,,  Ghasograptus  Hiekaii^  Hopk. 

4.  ,,  Biplogr,  mucronatus,  Hall  (P). 
6.  f,  Clima,  Seharenbergiif  Lapw. 

6.  y,        Dieranograptut  Clinganif  Can** 

7.  ,,         Orthia  argentea, 
y.  Chatmops  Zimtatone  (Linnrs.). 

yi.  Trinueleua  ShaUa  (Linnrs.). 

C.  SiLUBiAN  System. 

I.  Braehiopod  Shalea  (linnrs.)  in  part  only. 
II.    Upper  Graptolite  Shalea  (Linnrs.^. 

1.  Lobiferus  Shales  (of  Tomquist). 

„        Strata  with  M,  turrieuUUua,  Barr.  (Linnrs.). 

2.  Betiolites  Shales  (of  Tomquist). 

3.  Shales  with  Monograptua  teatia,  Barr.  (linnrs.). 

4.  yt  „         eolanuaf  Barr.  (Linnrs.). 
III.  Klinte  Sandatonea  of  Scania. 

List  of  Linnarsson's  Scientific  Memoirs. 

1.  1866.  On  the  Silurian  Formations  in  Westrogothia.     Upsala,  8vo.  pp.  26,  2 

plates. 

2.  1868.  Contribution  to  the  Geology  of  "Westrogothia.     Of?ersight  K.  Vet.  Akad. 

Forh.  Ir^.  25,  pp.  63—61. 

3.  1869.  Diagnoses  ot  New  species  of  Crustacea  ^from  the  Cambrian  and  Silurian 

Deposits  of  Westrogothia.      Ibid,  Ar^.  26,  pp.  181 — 196. 

4.  ,,       On  the  Cambrian  and  Silurian  Succession  in  Westrogothia.      K.  Vet. 

Akad.  Handlingar,  Bd.  8,  No.  2,  pp.  89,  2  plates. 

5.  ,,       On  some  New  Fossils  from^the  Sandstone  Beds  of  Westrogothia.*    Ofvers. 

K.  Vet.  Akad.  Forh.    Arg.  26,  pp.  337—357,  plates  vii.— ix. 

6.  1870.  Geognostical  and  Palaeontolorical  Ooservatioiis  on  the  Eophyton  Sand- 

stone in  Westrogothia.     K.  Vet.  Akad.  Hand.,  Bd.  9,  No.  7,  pp.  19, 
6  plates. 

7.  1871.  Comparison  of  the  Silurian   Succession  in  Dalame  and  Westrogothia. 

Cifversigt  K.  Vet.  Akad.  Forh.  Arg.  28,sid.  339—354. 

8.  ,,       On  some ^,  New  Fossils  from  the  Primordial  Zone  of  Sweden  and  Norway. 

Ibid.  Arg.  28,sid.  789-796,  Taf.  xvi. 

9.  1872.  Notes  on  the  Cambro- Silurian  Succession  in  Jemtland.     Geol.  Foren. 

Forh.  Bd.  1,  sid.  34—37. 

10.  1873.  Report  of  a    Scientific  Tour  to  Bohemia ^  and  the  Baltic   Provinces  of 

Russia.     Ofvers.  K.  Vet.  Akad.  Forh.  Arg.  30,  sid.  89—111.2 

11.  ,,       A  Comparison  of  the  Cambro-Silurian  Succession  in  Sweden,  Bohemia, 

and  the  Russian  Baltic  Provinces.     Forh.  Skard.  Naturforsk,  Copen- 
hagen, 1873,  sid.  269—272. 

12.  „       Trilobites  from  the  Andrarum  Limestone  of  Westrogothia.     Geol.  Foren. 

Forh.  Bd.  1,  sid.  242—248. 

-  Compare  Geological  Magazine,  Vol.  VI.  pp.  393 — 106.     PI.  XL-XIH. 
*  Compare  Zeitschrift  d.  Deutsch.  Gesellschaft,  1873,  p.  676. 
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13.  1874.  Fossils  from  Lapland,  collected  by  Herm  Sidenbladh  and  E.  Erckmann. 

Geol.  Foren.  Forh.  Bd.  ii.  sid.  129—131. 

14.  1875.  Description  of  the  Sheet  '*Latorp."     Swedish  Geological  Survey  Publi- 

cations :  Ser.  A.  No.  65,  pp.  42 ;  together  with  a  Geological  Map •  on 
a  scale  of  1—50,000. 

15.  ,,      Notes  of  a  Journey  on  the  Silurian  Tracts  of  Scania  in  1874.    Geol. 

Foren.  Forh.  Bd.  ii.  sid.  260—284. 

16.  „      On  a  Remarkable  Trilobite  Fauna  from  Jemtland.    Hid.  pp.  491—497, 

Taf.  xxii. 

17.  ,,       On  Two  New  Trilobites  from  the  Alum  Shales  of  Scania.    Ibid.  sid. 

498-601. 

18.  f,      Outline  of  ^  the  Transition  Formationa  of  Nerike.    Of  vers.  E.  Yet.  Akad. 

Forh.  Arg.  32,  No.  6,  sid.  3—47,  Taf.  iv.  and  v. 

19.  ,,       On  the  Brachiopoda  of  the  Paradoxides  Beds  of  Sweden.     Bihang  till  K. 

V.  Bd.  Handl.  Bd.  iii.  No.  12,  pp.  34,  4, .plates. 

20.  1876.  Geological  Observations  during  a  Journey  in  otand.     Geol.  Foren.  Forh. 

Bd.  3,  sid.  71—86. 

21.  „       A  Comparison  between  the  Oldest  Fossiliferous  Rocks  of  Northern  Europe. 

Geol.  Mao.  Dec.  II.  Vol.  III.  pp.  145—150,  and  287—288. 

22.  „       On  the  Vertical  Range   of  the  Graptolitic   Types   in    Sweden.    Ibid. 

pp.  241—245.     Compare  also  pp.  525 — 526. 

23.  1877.  Discovery  of  Andrarum  Limestone  at  Hunneberg  in  Westrogothia.     Geol. 

Foren.  Fcirh.  Bd.  iii.  sid.  346—347. 

24.  „       On  the  Fauna  in  the  Beds  with  Faradoxidet  Olandieus.    Ibid.  352—375, 

Taf.  14  and  15. 

25.  ,,       On  the  Graptolite  Shales  of  Kongslena  in  Westrogothia.     Ibid.  pp. 

402—410.     Compare  Geol.  Mao.  1878,  pp.  278—281. 

26.  1878.  The  Palaeozoic   Formations  of  Ilumlenas  in  Sm&land.     Geol.   Foren. 

Forh.  Bd.  iv.  sid.  177—184,  Taf.  12.» 

27.  1879.  Observations  upon  the  Graptolite-bearing  Shales  in  Scania.     Geol.  Foren. 

Fcirh.  Bd.  iv.  sid.  227—238  and  241—257. 

28.  ,,       Ceratopyge  Limestone  and  Lower  Graptolite  Shales  at  Falbygden  in  Wes- 

trogothia.    Ibtd,  sid.  269—270. 

29.  „       '*Jordskalfvet"  in  Central   Sweden,   2nd   February,   1879.     Ibid.  sid. 

295—331,  Taf.  19. 

30.  ,,       On  the  Graptolites  of  Gothland.    Ofvers.  K.  Vet.  Akad.  Fiirh.  Arg.  36, 

No.  6,  sid.  3-11,  Taf.  x. 

31.  ,,       On  the  Fauna  of  the  Limestone  with  Conoeoryphe  Exsulan*.     Sveriges 

Geol.  Survey,  Ser.  C,  No.  34,  pp.  31,  Taf.  i. — iii. 

32.  1880.  On  the  Oldest  Palaeozoic  Strata  m  the  Tract  around  Motala.      Geol. 

Foren.  Fcirh.  Bd.  v.,  sid.  23—30,  Taf.  i. 

33.  ,,       On  the  Geological  Succession  in  the  District  around  Hjo.     Ibid.  sid. 

102—109. 

34.  ,,       Dictyonema  Shales  at  Orreholmen  in  "Westrogothia.     Ibid.  sid.  108 — 109. 

35.  ,,       On  the  Fossils  in  the  Swedish  Beds  with  Feitura  and  ISpherophihalmui. 

Ibid.  sid.  132—161,  Taf.  5  and  6. 

36.  1881.  Graptolite   Shales  with  Monograptus  turricuUttus  at  Elubbuden   near 

Motala.     Ibid.  sid.  503—526,  Taf.  22  and  23. 

37.  „       The  Lower  Paradoxides  Strata  of  Andrarum.    Publications  Swedish  Geol. 

Survey,  Series  C.  (not  yet  issued). 

^  Compare  also  Geol.  Mao.  1878,  pp.  93  and  96,  and  pp.  188  and  189. 

Note.— For  many  of  the  facts  bearing  upon  Linnarsson^s  private  life,  and  his  early 
scientific  career,  I  am  indebted  to  the  kinoness  of  his  intimate  friend  and  companion, 
Dr.  A.  G.  Nathorst,  of  Stockholm.  A  most  appreciative  and  exhaustive  account  of 
**  Linnarsson's  Contributions  to  the  Geology  and  Palajontology  of  Sweden,"  by  this 
author,  will  be  found  in  the  Geol.  Forh.  Stockholm,  for  December,  1881. 
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Tin. — Suggested  Analogy  between  ^' Water  Hammer*'  Action 
AND  Earthquake  ani>  Yoloakio  Phenomena. 

By  Thoicab  Mvdd. 

PROF.  PRESTWICH,  in  his  paper  in  the  January  Number  of  thi^ 
Magazine  on  the  "  Causes  of  Yolcanio  Action,"  assumes  the 
existence  of  hot  reservoirs  or  cavities  filled  with  molten  rock,  and 
cold  reservoirs  or  cavities,  nearer  the  surface,  filled  with  water ;  and 
he  supposes  the  shrinkage  of  the  Earth  to  squeeze  up  the  molten 
rock  till  it  meets  with  the  water,  which  then  explodes,  producing  a 
volcano. 

I  would  suggest  that  the  action  which  goes  on  in  the  fissures  that 
connect  the  hot  and  cold  cavities  is  similar  to  the  "  water  hammer  '* 
action,  so  well  known  to  engineers.  This  assumption  is  necessary, 
it  seems  to  me,  to  render  the  theory  completely  satisfactory. 

Water  hammer  action  manifests  itself  where  steam  has  to  be  con- 
veyed to  considerable  distances  from  its  source  without  any  return 
communication  or  easy  vent  It  occurs  in  this  way.  The  steam,  on 
being  turned  into  the  cold  pipes,  is  quickly  condensed,  and  in  a  short 
time  a  quantity  of  water  is  formed.  The  steam  condensing  most 
qoickly  at  the  end  furthest  from  the  inlet,  there  is  there  formed  a 
partial  vacuum.  The  steam  rushing  forward  in  consequence,  gathers 
np  the  water  into  a  plug,  which  fills  the  sectional  area  of  the  pipe, 
and  forms  indeed  a  water  piston.  This  water  piston  is  dashed  by 
the  force  of  the  steam  against  the  end  of  the  pipe,  producing  a 
severe  shock,  accompanied-  by  a  loud  report;  and  then  follows 
by  natural  sequence  a  rebound,  which  must  be  a  rebound  of  a  com- 
pound character,  made  up  in  part  of  the  rebound  of  the  steam,  in 
part  of  the  rebound  of  the  water,  and  in  part  of  the  effort  of  the 
water  to  regain  its  level  by  gravity.  The  first  two  are  probably  of 
momentary  existence,  but  the  last  takes  time,  and  proceeds  with  a 
measured  swing  like  a  mighty  pendulum.  When  the  force  of  the 
return  wave  is  spent,  and  the  steam  again  gets  the  advantage,  con- 
densation having  in  the  mean  time  been  going  on  behind  the  return 
wave,  this  piston  of  water  advances  a  second  time,  and  is  dashed 
with  increased  fury  against  the  obstruction  in  the  pipe.  This  action 
in  a  few  strokes  arrives  at  its  maximum,  and  thence,  if  the  pipe  has 
been  able  to  withstand  the  shocks,  gradually  diminishes  and  dies 
away. 

There  are  two  operations  at  work  affecting  its  destiny.  The 
quantity  of  water  set  in  motion  is  increasing,  tending  to  increase  the 
shock,  and  the  temperature  of  the  pipe  is  heightening,  tending  to 
diminish  the  shock  by  reducing  the  difference  of  pressure  between 
the  spaces  before  and  behind  the  water  plug.  The  latter  is  by  far 
the  more  potent  agent,  and  quickly  reduces  the  water  hammer  action 
to  nothing. 

Now  the  essentials  to  this  kind  of  action  are — 1.  A  length  of 
passage  confined  at  its  extremity.  2.  A  fluid.  3.  A  condensible 
vapour.  4.  A  difference  of  temperature  at  the  two  extremities  of 
the  passage.     5.  The  initial  action,  which  is  merely  the  introduction 
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of  th#  eondensible  vapoar  into  the  colder  end  of  the  passage  from 
the  hotter,  so  that  it  may  be  under  conditions  producing  condensa- 
ticm,  and  thus  commence  the  water  hammer  action. 

That  this  kind  of  action,  owing  largely  to  the  very  low  com- 
pressibility of  water,  is  capable  of  producing  very  severe  shocks, 
even  when  the  essential  factors  are  of  comparatively  low  value,  is 
seen  from  the  fact  that  stout  iron  pipes  of  only  a  few  inches  in 
diameter  are  often  burst  into  fragments  by  it,  even  when  the  differ- 
ence of  pressure  developed  cannot  be  more  than  about  50  lbs.  per 
square  inch,  and  where  the  length  of  pipe  is  not  many  yards. 

Given,  therefore,  subterranean  reservoirs,  as  Prof.  Prestwich 
supposes,  we  have  only  to  assume  a  communication  formed  between 
these  two  reservoirs  by  a  fissure,  and  we  shall  have  the  conditions 
favourable  for  the  water  hammer  action  on  such  a  gigantic  scale  as 
appears  competent  to  account  for  the  phenomena  of  earthquakes  and 
volcanoes.  Immediately  a  fissure  is  formed  connecting  the  reservoirs 
of  water  nearer  the  surface  and  at  comparatively  low  temperature 
with  the  more  deep-seated  reservoirs  of  molten  rock,  steam  is  formed, 
which,  passing  along  the  fissure,  becomes  condensed,  difference  of 
pressure  is  set  up,  the  water  and  molten  rock  form  a  fluid  piston 
or  plug,  and  shocks  proportionate  to  the  difference  of  pressure,  the 
length  and  sectional  area  of  the  passage,  and  to  the  quantity  of 
matter  set  in  motion,  are  thence  inevitable. 

If,  when  this  action  arrives  at  its  maximum,  the  water  cavity  is 
incapable  of  sustaining  the  shock,  and  gives  way,  its  broken  walls 
are  thrown  out  as  dust  and  ash,  the  whole  body  of  the  water,  which 
had  become  superheated,  bursts  into  steam,  and  the  molten  rock  is 
poured  out  as  lava. 

There  is  another  analogy  indirectly  connected  with  this  matter, 
which  appears  to  hold  between  the  conditions  beneath  the  crust  of 
the  earth  and  those  in  a  steam  boiler,  to  which  I  shall  only 
make  a  brief  reference,  as  the  question  has  been  dealt  with  in  well- 
known  geological  works.  It  bears  upon  the  observed  fact  that 
mountain  ranges  occur  mainly  along  lines  of  thick  deposit  If  a 
sediment  (especially  one  of  a  loose  or  of  a  greasy  character)  be 
allowed  to  accumulate  on  the  outside  of  the  fire-tube  of  a  boiler, 
the  heat  is  prevented  from  getting  through  the  iron  plate  sufficiently 
fast  to  prevent  overheating.  The  contact  of  the  plate  with  the  water 
is  broken,  and  the  sediment  is  a  bad  conductor.  The  result  is  that 
the  plate  becomes  overheated,  and  the  external  pressure  on  the 
fire-tube  thrusts  it  out  of  shape,  producing  what  is  known  as  a 
"  collapsed  furnace." 

This  seems  to  illustrate  what  takes  place  on  a  large  scale  in  areas 
of  great  deposition.  The  thick  loose  sediment  forms  a  bad  con- 
ductor, overheating  takes  place,  and  that  first,  of  course,  along 
the  line  of  thickest  deposit,  and  the  pressure  being  internal  instead 
of  external,  a  ridge  outside  is  the  result  instead  of  a  collapse. 
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la  E  V"  I  E  "VT"  S- 

Gbolooy  of  ths  Countibs  of  England  and  of  North  and  South 
Walks.  By  W.  Jkbomb  Habrison,  F.G.S.,  etc.  Pp.  346. 
(London,  1882 :  Kelly  &  Co.)     Prioe  8s. 

DURING  the  past  six  years  Mr.  Harrison  has  oontribated  ezoellent 
geological  sketches  of  most  of  the  English  counties  to  the  local 
Post  Office  Directories,  published  by  Messrs.  Kelly  and  Co.  In  these 
sketches  he  gives  an  account  of  each  formation,  its  fossils  and  the 
economic  uses  of  the  rocks,  together  with  notes  on  the  scenery  of 
the  country,  and  on  other  matters  of  geological  interest.  They  have 
now  been  reprinted  with  geological  descriptions  of  those  counties 
not  previously  published,  and  with  the  addition  of  references  to  the 
Natural  History  and  Scientific  Societies  of  each  county,  the  Museums, 
the  publications  of  the  Geological  Survey,  and  the  important  works 
or  papers  on  Local  G^eology.  The  author  has  evidently  bestowed 
great  labour  upon  his  work,  and  although  the  sketches  do  not  do 
equal  justice  to  every  county,  the  information  has  been  carefully 
selectcnl  from  original  sources.  Hence,  with  the  bibliographical 
referenoes,  the  work  will  be  a  most  useful  guide  to  all  who  are 
desirous  of  learning  what  they  can  of  the  stony  structure  and  ancient 
history  of  the  English  counties.  If  we  find  fault  at  all,  it  is  that 
the  more  important  papers  of  the  earlier  geologists  are  seldom  men- 
tioned in  the  lists,  as,  for  instance,  those  of  Sedgwick  on  Cumberland 
and  Westmoreland ;  those  of  Sedgwick  and  Murchison  and  of  Godwin- 
Austen  on  Devonshire ;  of  Buckland  and  Conybeare  on  Somerset- 
shire ;  while  we  miss  the  name  of  Prestwich  in  the  Shropshire  list, 
and  that  of  Binney  in  the  Lancashire  list.  Fitton's  great  work  on 
the  Beds  between  the  Chalk  and  the  Purbeck  Limestone  should  have 
been  mentioned  in  the  list  on  page  zxvii ;  the  only  other  reference 
we  have  found  to  this  work  being  on  p.  217  in  the  list  of  works  on 
the  Geology  of  Rutland.  Most  of  the  older  geologists,  however,  are 
mentioned  by  name,  and  it  is  only  because  undue  prominence  appears 
to  be  given  to  later  writers  that  we  have  remarked  on  the  subject ; 
for  Mr.  Harrison  has  always  made  most  generous  acknowledgment 
of  the  sources  of  information  to  which  he  has  been  indebted. 

The  work  contains  106  illustrations,  comprising  pictorial  views, 
sections,  fossils,  and  fiint  implements.  The  sections  are  mostly 
borrowed  from  the  Geological  Survey  publications,  as  stated  in  the 
preface.  Particular  references  to  the  works  from  which  they  are 
taken  is  an  omission  that  may  be  supplied  in  a  future  edition  of  the 
work.  - 

Hitherto,  no  attempt  has  been  made  to  combine  in  one  volume 
separate  accounts  of  the  geology  of  our  counties,  although  a  geologi- 
cal atlas  of  the  country  was  published  about  twenty  years  ago  by 
Reynolds.  This,  if  brought  up  to  date,  would  form  a  useful  com- 
panion volume  to  that  which  has  been  so  well  executed  by  Mr. 
Harrison. 
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I. — Annual  General  Meeting. — February  17th,  1882. — Robert 
Etheridge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1881.  The  Council  expressed 
their  regret  that  the  hope  of  renewed  prosperity  which  they  had 
held  out  in  their  last  Annual  Report  had  hardly  been  fulfilled,  the 
financial  position  of  the  Society  being,  for  certain  reasons,  a  little 
worse  than  at  the  beginning  of  the  year.  At  the  same  time  the 
number  of  Fellows  was  stated  to  be  steadily  increasing ;  and  as  this 
increase  consists  mainly  of  Contributing  Fellows,  the  future  pros- 
perity of  the  Society  was  regarded  as  insured.  The  Council  also 
expressed  regret  that  the  Catalogue  of  the  Library  had  not  met  with 
the  demand  that  they  expected.  The  Council's  Report  further  an- 
nounced the  awards  of  the  various  Medals  and  of  the  proceeds  of  the 
Donation  Funds  in  the  gift  of  the  Society. 

In  presenting  the  Wollaston  Gold  Medal  to  Mr.  H.  Bauerman, 

P.G.S.,  for  transmission  to  Dr.  Franz  Ritter  von  Hauer,  F.M.G.S., 

Director  of  the  Austrian  Geological  Survey,  the  President  addressed 

him  as  follows : — 

Mr.  Bauerman, —In  banding  to  yon  the  Wollaston  Medal  for  transmission  to 
Franz  yon  Hauer,  I  trust  you  will  inform  him  that  the  Council  of  the  Geological 
Society  award  this,  their  highest  prize,  in  recognition  of  his  yaluable  labours  in  connexion 
with  tne  Geology  of  Austro- Hungary,  and  especially  for  his  lon^-continued  senrices 
in  the  inyestigation  of  extensiye  areais,  and  his  numerous  descnptiye  memoirs  pro- 
duced diuing  the  preparation  of  the  Great  Map  of  the  Austrian  Empire.  Von 
Hauer  has  contributed  no  less  than  100  papers  and  memoirs  to  geological  literature, 
25  of  which  are  on  palteontological  subjects ;  he  has  paid  particular  attention  to  the 
fauna  of  the  Hallstadt  and  Kaibl  beds,  and  to  the  Cephalopoda  of  the  Eastern,  or 
Austrian  Alps.  His  descriptiye  pamphlets  relating  to  the  General  Map  of  Austria 
are  models  of  concise  description  as  summarizing  the  results  of  the  work  of  the 
Imperial  Geological  Sunrey.  These  results  haye  also  formed  the  basis  of  a  general 
manual  of  Austrian  Geology,  which  is  the  best  guide  we  haye  to  some  of  the  most 
interesting  parts  of  Central  and  Eastern  Europe.  Yon  Hauer  has  been  attached  to 
the  Austnan  Sunrey  eyer  since  its  commencement  in  1849  ;  he  succeeded  Haidinger 
as  Director  in  1866.  His  great  work  is.,**  Die  Geologic  und  ihre  Anwendung  a  of 
die  Kenntniss  der  Bodenbeschaffenheit  der  Osterr.-ungar.  Monarchie,*'  publish^  in 
1875.  I  have  said  enough.  Sir,  to  enable  you  to  inform  Dr.  Franz  Ritter  yon  Hauer 
of  the  high  appreciation  the  Council  haye  of  his  merits,  and  the  satisfaction  they 
haye  in  recogpnizing  them  by  awarding  to  him  the  Wollaston  Medal. 

Mr.  Bauerman,  in  reply,  said  that  he  regretted  that  the  compulsory  absence  of 
the  Foreign  Secretary,  Mr.  Warington  W.  Smyth,  preyentod  his  receiying  this 
Medal  from  the  hands  of  the  President.  He  had  much  pleasure,  howeyer,  ip  under- 
taking the  office  of  transmitting  to  Dr.  Franz  yon  Hauer  this  testimony  of  the 
appreciation  of  his  yaluable  labours  on  the  part  of  the  Geological  Society.  He 
called  attention  especially  to  the  Geological  Suryey  Map  of  Austria,  the  sheets  of 
which  were  on  the  table,  and  which  had  been  produced  by  the  labours  of  the 
Suirey  under  the  direction  of  Franz  yon  Hauer.  Notwithstanding  the  difficulty  of 
much  of  the  country  represented  and  the  small  scale  of  the  Map,  the  details  were 
admirably  worked  out,  and  the  Map  itself  was  one  of  the  most  beautiful  eyer 
produced. 

The  Pbesidknt  then  presented  the  Murohison  Medal  to  Professor 
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Jales  Gosselet,  F.C.O.S.,  of  the  Faculty  of  Sciences  of  Lille,  and 

addressed  him  as  follows  : — 

Professor  Goshblbt,— The  Council  of  the  G^logical  Society  has  selected  yon  to 
receive  the  Morchison  Medal  and  part  of  the  proceeds  of  the  Murchison  Fund,  in 
recognition  of  your  distinguished  services  to  geological  science.  Your  labours  have 
extended  over  twenty-five  yearA,  and  have  b^n  devoted  to  the  elucidation  of  the 
liistory  and  physical  structure  of  the  north  of  France  and  Belgium,  in  the  latter 
country,  particularly,  with  relation  to  the  Palsozoic  rocks  of  the  Ardennes,  culmi- 
nating in  your  researches  into  the  structure  of  the  Franco-Belgian  Coal-field,  so 
amply  described  and  worked  out  in  your  "Esquisse  g6ologique  du  Nord  de  la 
France."  For  this  valuable  work  tne  French  Academy  of  Sciences,  in  1881, 
awaifded  to  you  the  Bordin  prize,  the  highest  in  their  power  to  confer  upon  you. 
I  must  here  mention,  although  but  briefly,  the  nature  of  your  researches.  Your 
published  papers  or  contributions  to  geological  science  number  22;  I  can  only 
enumerate  two  or  three  which  prominency  stand  out  and  show  your  extensive  labours. 
In  1860-61  the  Geologi(»l  Society  of  France  published  your  *'M6moire  sur  les 
terrains  Primaires  de  la  Belgique  et  du  nord  <k  la  France."  In  the  publications  of 
the  Brussels  Academy  of  Sciences  for  the  year  1863  a{^>eared  your  paper  **  Sur  les 
terrains  Primaires  de  la  Belgique."  In  1873,  in  the  *  Annales  des  Sciences  Gdo- 
logiques,*  vol.  iv.,  appeared  your  memoir  on  **  Le  systdme  du  Poudingue  de  Bumot, 
entre  Dinant  et  Namur,"  and  in  the  *  Bulletin*  of  the  Academy  of  Sciences  at 
Brussels,  yourself  and  M.  C.  Malaise  paUyUbed  your  observations  *'Sar  le  terrain 
Silurien  de  rArdenne."  In  addition  to  your  many  papers,  your  work  above  named, 
'Esouisse  g^logique  du  Nord  de  la  France,'  would  place  you  in  the  front  rank 
of  ocMervers  and  entitle  you  to  high  consideration.  The  nature  and  value  of  your 
investigations  and  the  tendency  of  your  rBsearches  led  the  Council  to  believe  that  the 
Medal  founded  by  Sir  Rodericlt  Murchison  would  be  worthily  conferred  upon  you. 

Professor  Go88EL£t,  in  reply,  said: — Monsieur  le  Pr&ident, — J*ai  souvent 
regrette  de  ne  pas  connaitre  lalangue  anglaise;  mais  jamais  autant  qu'aujourdhui, 
od  je  me  vois  forc6  de  vous  expnmer  en  un  langage  6tranger  ma  reconnaissance 
pour  le  grand  honneur  que  me  fait  le  Conseil  de  la  ^)oci^te  u^ologique  de  Londr^ 
en  me  decemant  la  m^daille  Murchison.  Yos  recompenses  sent  les  plus  flatteu^es 
Que  puisse  reeevmr  un  g^ologue  etranger,  parce  qu'elles  sent  exemptes  de  toute  idee 
d'ecole  et  de  toute  cousideration  personnelle.  Je  suis  particulierement  honor6  que 
Tous  m'ayez  juee  digne  d'associer  mon  nom  k  celui  de  Murchison,  du  grand  g^ologue 
qui  a  cte  un  aes  foudateurs  de  la  geologic  des  roches  pal^zoiques.  Depuis  mes 
premiers  travaux  geologiques.  j*ai  con^u  uae  mnde  estime  pour  cet  illustre  savant, 
et  dans  bien  des  circoustances  j'ai  dcfendu  sa  cTassificatioQ  des  formations  Siluriennes 
et  Devonienn^.  Permettez  moi  d'associer  k  mes  remerciments,  la  Soci^t^  G^o- 
logique  du  Nord.  £n  decemant  Tann^  passee  une  modaille  ti  M.  Barrois  et  en 
men  decemant  une  cette  annee,  vous  nous  avez  donn^  un  haute  marque  de  sympa- 
thie.     Nous  nous  efforcerons  de  nous  en  montrer  dignes. 

The  Prbsidbnt  next  handed  the  Lyell  Medal  to  Prof.  J.  W.  Judd, 
F.R.S.,  SeaG.S.,  for  transmission  to  l5r.  John  Lycett,  of  Scarborough, 
and  addressed  him  as  follows  : — 

Professor  Judd, — The  Council  have  awarded  the  Lyell  Medal  and  part  of  the  pro- 
ceeds of  the  Lyell  Fund  to  Dr.  John  Lycett,  in  recognition  of  his  patient  and 
long-continued  researclies  on  Jurassic  palujontology,  especially  those  devoted  to  the 
critical  hihtory  and  description  of  the  Great  Oolite  MoUusca  of  Minchinhampton, 
published  in  the  Palieontologieal  Society's  volumes  for  the  years  1850-65,  in  con- 
junction with  Professor  Morris  ;  also  for  his  supplementary  monograph  in  the  same 
publication,  **  On  the  Mollusca  of  the  Stonestield  Slate,  Great  Oolite,  Forest 
Marble,  and  Combrash."  BcHides  these,  Dr.  Lycett  has  written  (1871-79)  a  com- 
plete and  important  monograph  of  the  British  TrigoniaB  for  the  same  Society,  in 
which  he  describes  no  less  than  109  species  ;  this  splendid  contribution  to  the 
history  of  a  single  genus  of  Mollusca  is  probably  unsurpassed  in  any  language ; 
and  wnen  we  know  that  the  authors  of  all  the  memoirs  published  by  the  Palaeonto- 
irnphical  Society  give  their  time  and  knowledge  without  remuneration,  we  may  well 
reward  as  best  we  can,  work  done  so  well  and  so  unselfishly.  Dr.  Lycett  has 
contributed  seventeen  papers  to  the  'Annals  and  Magazine  of  Natural  XListAr^^* 
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and  fourteen  to  the  'Transactions  of  the  Cotteswold  Cluh/  and  has  pnhlished 
a  Handbook  of  the  Geology  and  Palaeontology  of  the  Cotteswold  Hills.  You  will 
conyey  tlus  Medal  and  award  to  Dr.  Lycett,  and  assure  him  that,  although  he  ia 
not  a  Fellow  of  this  Society,  we  are  nevertheless  not  unmindful  of  the  great  service 
he  has  rendered  to  Jurassic  palseontology. 

Prof.  JuDD,  in  reply,  apologized  in  the  name  of  Dr.  Lycett  for  his  absence  on 
this  occasion,  which  he  said  was  due  to  the  weak  state  of  his  health.  At  Dr.  Lycett^ 
request  he  represented  him  at  the  Meeting,  and  he  read  the  following  letter  from 
Dr.  Lycett:—  ** Scarborough,  Feb.  10,  1882. 

**  Dear  Mr.  Judd,— I  desire  through  you  to  express  to  the  President  and  Fellows 
of  the  Geological  Society  my  deep  sense  of  the  honour  they  <K>nfer  upon  me  in 
presenting  me  with  the  Lyell  MedaL  I  also  wish  to  express  my  r^ret  that  infirmi- 
ties connected  with  advance  of  years  quite  prevent  my  naving  the  pleasure  of  being 
present  upon  this  occasion.  Even  the  little  which  I  have  been  enabled  to  effect  in 
the  cultivation  of  palsBontological  science  has  always  been  to  me  a  never-failing 
source  of  pleasure  and  satisfaction,  qualified,  however,  by  a  regret  that  my  means 
and  opportunities  have  been  so  limited  in  their  scope,  and  a  conviction  tniat  all  I 
have  either  accomplished  or  attempted  is  altogether  msignificant  in  comparison  with 
the  immense  field  of  research  presented  by  nature  to  the  student  in  palaeontology. 
*'  I  remain,  dear  Mr.  Judd,  Yours  truly  and  faithfully,  John  Lycett. 

•*  Professor  7.  W,  Judd,  F,R,S.,  F.G.S.'* 

In  presenting  the  balance  of  the  proceeds  of  the  WoUaston  Dona- 
tion Fund  to  Dr.  Geo.  Jennings  Hinde,  F.G.S.,  the  Pebsidbnt  said : 

Dr.  HiNDB,~The  Council  of  this  Society  has  awarded  to  you  the  balance  of  the 
proceeds  of  the  Wollaston  Fund  as  a  testimony  of  their  recognition  of  your  researches 
m  certain  ^ups  of  the  Invertehrata  and  upon  Glacial  phenomena  in  Canada,  tiie 
latter  earned  on  during  a  residence  of  seven  years  in  that  country,  where  your  entire 
time  was  spent  in  geological  research  and  gaining  extensive  knowledge  of  a  largre  area 
of  eastern  North  America,  extending  from  Nova  Scotia  on  the  east  to  Nebraska 
on  the  west,  and  from  Uie  shores  of  I^ake  Superior  to  the  Gulf  of  Mexico.  Your 
researches  on  the  Silurian  fossils  of  the  Niagara  and  Guelph  formations,  the  Glacial 
phenomena  of  the  peninsula  of  Western  Canada,  and  on  the  Glacial  and  Interglacial 
strata  of  Scarboro  heights,  near  Toronto,  are  described  in  the  Canadian  Journal. 
Your  discovery  of  Conodonts  and  the  jaws  of  Annelids  in  the  Ordovician  strata 
near  Toronto  showed  conclusively  that  they  were  as  abundant  in  the  Silurian 
and  Devonian  strata  of  North  America,  as  in  the  rocks  of  the  same  age  in  Russia, 
where  they  had  been  described  by  Pander.  This  discovery  of  Annelid  jaws  proved 
the  existence  of  this  class,  previously  supposed  to  occur  in  the  Palseozoic  strata  only 
from  their  tracks  ;  it  also  showed  their  close  relationship  to  existing  errant  Annelids. 
This  was  followed  by  your  discovering  similar  Annelid  remains  in  me  Silurian  strata 
of  the  West  of  Enrland  and  in  the  Subcarboniferous  rocks  in  Scotland.  Lastl^r, 
your  careful,  leame3,  and  elaborate  researches  upon  the  large  collection  of  fossil 
sponges  in  the  British  Museum,  at  present  in  MS.,  would  alone  entitle  you  to  the 
consideration  of  the  Council.  I  therefore  in  their  name  hand  you  the  balance  of 
the  proceeds  of  the  Wollaston  Fund,  to  enable  you  to  carry  on  further  research  and 
to  mark  their  high  appreciation  of  your  labours. 

Dr.  HiNDB,  in  reply,  said: — Mr.  President, — I  desire  to  express  my  hearty 
acknowledgments  to  the  Council  of  the  Geological  Society  for  the  honour  wnich  they 
have  bestowed  upon  me,  and  to  you.  Sir,  for  the  kind  terms  in  which  you  have  con- 
veyed  the  award  to  me.  I  accept  it  with  great  gratification,  for  I  regard  it  not  only 
as  a  complimentary  recognition  on  the  part  of  the  Council  of  the  work  which  I  have 
done,  but  also  as  a  proof  of  their  sympathetic  encouragement  of  my  future  efforts. 
That  I  should  ever  accomplish  anything  which  would  lead  to  my  receiving  the 
Wollaston  fund  did  not  enter  into  my  wildest  dreams  when  1  made  my  early  attempts, 
some  years  since,  in  geological  investigation  in  that  grand  field  for  practical  study, 
the  dominion  of  Canioda.  I  commenced  under  the  guidance  of  my  esteemed  friend 
and  former  teacher.  Prof .  Alle3me  Nicholson,  then  of  i'oronto,  to  whom  I  am  deeply 
indebted  for  those  initiatory  lessons  in  practical  work  which  have  since  proved  in- 
Taluable  to  me.  It  was  not  until  after  trying  my  prentice  hand  on  various  subjects 
tbaft  I  mm  induced  by  one  or  two  happy  finds  to  aoopt  for  my  special  study  the  task 
"^  ""■'*'  '^  tttw  and  elucidating  the  fossils  of  the  lower  forms  of  animal  life  which, 
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IB  ^emselTes  or  in  their  component  parts,  are  so  minute  as  to  require  the 
■icraaeope  for  their  investigation.  My  experience  in  America  taught  me  that  in  order 
to  make  fresh  discoveries  in  palsontolory,  it  was  necessary  to  take  into  the  field  a 
rood  lens,  as  well  as  a  hammer,  so  as  to  nnd  those  litde  fossils  which,  on  account  of 
toeir  snudlnesB,  are  passed  over  by  other  observers ;  but  I  did  not  expect  that  in  this 
country,  where  erery  yard  of  ground  almost  had  been  subjected  to  scrutiny,  much 
remained  for  discovery,  even  amongst  these  small  objects.  I  am  very  glad  to  find 
myself  disappointed  in  this  belief ;  for  the  little  which  I  have  explored  as  yet  in  this 
eomtry  convinces  me  that  in  this  line  of  research  there  is  abundant  work  yet  to  be 
done ;  and  stimulated  by  the  mark  of  your  encouragement  which  I  have  this  day 
received,  it  will  be  my  earnest  effort  and  my  hope,  by  patient  study  in  this  promising 
field,  to  contribute  still  further  to  the  extension  of  the  boundaries  of  science  which  it 
is  the  object  of  our  Society  to  advance. 

The  President  ue^t  handed  the  balance  of  the  proceeds  of  the 
Murchison  Donation  to  Prof.  T.  G.  Bonney,  M.A.,  F.K.S.,  Sea  G.S., 
for  transmission  to  Prof.  T.  Rupert  Jones»  F.B.S.,  F.O.S.,  and  ad- 
dressed him  as  follows : — 

Professor  Bonnet, — The  Council  of  the  Geological  Society  has  no  ordinary 

Pleasure  in  handing  to  you  for  Prof.  Rupert  Jones,  F.R.S.,  the  balance  of  the 
Imxihison  Donation  Fund  in  recognition  of  the  valuable  services  he  has  rendered 
to  special  branches  of  geological  and  palseontological  science.  His  contributions  to 
the  history  and  palsontology  of  the  Lower  Invertebrata,  especially  the  Rhizopoda 
and  Ostracoda,  nave  won  for  him  European  and  world-wide  fame.  He  contributed 
nearly  100  papers  to  various  mafi^azines  and  societies,  especially  the  *' Annals  and 
Magazine  of  Natural  History,"  between  the  years  1859  and  1880,  and,  with  few 
exceptions,  all  bearing  upon  his  favourite  studies.  In  three  of  his  many  important 
communications  he  was  associated  with  Mr.  W.  E.  Parker,  F.R.S. ;  and  I  may 
here  mention  his  joint  papers,  "  On  the  Nomenclature  of  the  Foraminifera,  ' 
'*  On  the  Rhizopodal  Fauna  of  the  Mediterranean  compared  with  that  of  the 
Italian  and  some  other  Tertiary  Deposits,"  and  *'  On  the  Foraminifera  from 
the  Bryozoan  Limestone  of  Mount  Gambier,  South  Australia,"  all  of  the 
utmost  value  for  the  history  of  these  minute  organisms.  I  can  only  notice,  from 
want  of  time,  four  or  five  papers  by  himseU: — I  "On  the  oldest  known  Fossil 
{Eozoon  canadcnse)  of  the  Laurentian  Rocks  of  Canada,**  etc. ;  2.  **  On  Recent  and 
Fossil  Bivalve  Entomostraca"  ;  3.  "On  the  Swiss  Jurassic  Foraminifera";  4. 
**  On  the  Entomostraca  of  the  Carboniferous  Rocks  of  Scotland"  ;    5.  "  On  the 


in  1875,'  to  his  famous  Croydon  Lecture,  and  to  that  most  useful  though  small 
book,  *  Syllabus,  or  Heads  ot  Lectures  for  the  use  of  Lecturers  or  Teachers,'  by 
himself  and  Prof.  Morris.  Other  subjects  have  likewise  received  his  attention,  as 
shown  by  his  papers  on  the  Primeval  Rivers  of  England,  and  on  the  Diamond 
Fields  of  South  Africa  amongst  many  others.  Fifteen  of  his  papers  have  appeared 
in  the  Quarterly  Journal  of  our  Society.  For  such  patient,  good,  and  long-continued 
work,  most  of  it  without  remuneration,  the  Council  deem  Mm  eminently  worthy  of 
the  award  they  offer  for  his  acceptance. 

Prof.  Bonnet,  in  reply,  said  :  -Mr.  President, — It  is  with  great  regret  that  I  find 
myself  acting  tonday  as  deputy  for  Prof.  Rupert  Jones,  because  his  absence  is  caused, 
not  by  official  duties  or  engagements  yet  more  pleasant,  but  by  rather  serious  illness. 
I  am,  however,  glad  to  have  the  opportunity  of  expressing  my  svmpathy  with  him 
imder  treatment  which  appears  to  me  unjust,^  my  appreciation  of  nira  as  a  geologist, 
and  my  esteem  for  him  as  a  man.  especially  for  the  reason  that  he  has  always  been  so 
ready  to  place  his  great  stores  of  knowledge  at  the  service  of  younger  students. 
I  proceed,  then,  to  read  the  reply  which  he  has  entrusted  to  me: — "  Feb.  17,  1882. 

"Mr.  pRBsiDENT, — This  unexpected  honour  awarded  by  the  Council  of  the 
Geological  Society  to  a  worker  among  Foraminifera  and  Entomostraca  and  a  t^her 
of  geology  among  the  rising  generation,  I  venture  to  regard  rather  as  an  incentive  to 

*  This  remark  of  Prof.  Bonney's  is  in  allusion  to  the  abolition  of  the  Chair  of 
Geology  in  tho  Boyal  Military  anil  Staff  College,  Sandhurst.— Edit.  Geol.  Mao. 
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■till  more  careful  work  and  still  more  earnest  teaching  than  as  an  honorarinm  for 
any  work  done  or  any  good  results  yet  attained.  The  endeaToor  to  disseminate 
knowledge  by  teaching  mu  not  been  without  its  pleasures,  though  the  professional 
pay  has  ceased  for  want  of  sympathy  with  geolo^  m  some  quarters.  The  palsonto- 
logical  work  has  always  carried  its  reward  with  it,  both  in  the  fulfilment  of  a 
naturalist's  duty  and  in  the  freouent  friendly  cooperation  of  fellow  workers.  The 
foremost  of  these  is  my  distinguisned  friend  Prof.  W.  K.  Parker,  who  was  associated 
with  me  by  the  Council  some  twenty  years  ago  in  a  high  compliment  similar  to  that 
for  which  I  now  give  you  thanks.  Another  friend  and  fellow-worker,  Mr.  Kirkby, 
was  honoured  not  long  since  with  a  similar  tribute  to  his  scientific  worth  and  induBtry. 
To  enjoy  such  associations  is  a  reward  in  itself.  To  know  that  the  Society  appre- 
ciates what  I  have  done  and  laried  to  do  is  in  itself  a  reward  also.  To  have  this 
encouraging  mark  of  its  favour,  as  instituted  by  one  of  the  best  of  geologists,  and 
one  of  the  best  of  my  old  friends,  is  a  pleasure  fuid  a  honour  greater  than  I  deserve.** 

la  presenting  to  Prof.  Charles  Lap  worth,  F.G.S.,  of  the  Mason 
College  of  Science,  Birmingham,  one  moiety  of  the  balance  of  the 
proceeds  of  the  Lyell  Donation  Fund,  the  President  addressed  hiin 
as  follows : — 

Professor  Lapwobth, —Those  who  know  not  your  yaluable  contributions  to 
palaeozoic  geology  and  palaeontology  have  much  to  learn  ;  probably  no  other  author 
has  so  ably  written  upon  the  Graptolitids,  or  has  taken  a  more  comprehensive  view 
of  the  history  of  life  and  development  in  the  lowest  rocks  of  the  British  Islands  and 
Scandinavia  than  yourself.  You  have  enriched  the  literature  of  palaeozoic  palaeonto- 
logy by  fourteen  or  fifteen  communications  of  the  greatest  value.  Chiei  amongst 
them  IS  your  paper  in  our  Journal  on  the  Mofmt  series  in  1878;  no  recent 
contribution  to  this  branch  of  palaeontology  surpasses  this  in  research.  Most  of 
your  papers  have  been  contributed  to  the  Gbolooical  Maoazikb,  between  the  years 
1870-81,  and  to  the  publications  of  the  Glasgow  and  Edinburgh  Geological 
Societies,  most  of  which  have  an  important  bearing  upon  the  history  of  the 
Bhabdophora,  both  zoologically  and  stratigraphically.  I  may  mention  your  papers 
on  the  iSritish  Graptolites  and  their  allies,  and  on  an  improved  classification  of  the 
Bhabdophora,  both  in  the  year  1873;  also,  in  1876,  your  paper  on  the  Scottish 
Monograptidse,  and  your  two  philosophical  papers  on  the  Tripartite  divisions  of  the 
Lower  Palaeozoic  rocks,  and  on  the  correlation  of  the  Lower  Palaeozoic  rocks  of 
Britain  and  Scandinavia.  I  believe  you  are  now  engaged  in  the  preparation  of 
another  paper  requiring  considerable '  research  ;  to  aid  you  therefore  in  this,  the 
Council  have  awaraed  you  part  of  the  proceeds  of  the  LyeU  Fimd. 

Prof.  Lapworth,  in  reply,  said  : — Mr.  President,— I  am  deeply  sensible  of  the 
unexpected  honour  conferred  upon  me  by  the  Council  in  making  this  award,  and  I 
beg  to  offer  them  my  sincere  thanks.  I  am  especially  grateful  for  the  generous  uud 
flattering  terms  in  which  you,  Sir,  have  referred  to  ray  labours  and  for  the  kindly 
and  hearty  manner  in  which  the  Fellows  of  the  Society  have  received  the  mention  of 
my  name.  My  original  work  in  geology  in  the  past  has  been  the  delightful  employ- 
ment of  such  few  hours  as  I  have  been  able  to  snatch  from  the  absorbing  auties 
and  avocations  of  a  very  busy  life,  and  to  me  the  charms  of  ori^nal  research  are  so 
attractive  that  I  feel  pretty  confident  that  such  leisure  time  as  I  find  at  my  disposal 
in  the  future  will  most  certainly  be  devoted  to  the  same  pursuits.  Next  to  the 
pleasure  of  oriofinol  discovery  itself  is  the  profound  satisfaction  that  springs  from 
the  knowledge  that  one  possesses  the  interest  and  sympathy  of  one*s  fellow  scientists. 
And  here  I  have  always  felt  that  I  have  been  more  than  ordinarily  fortunate  ;  for 
the  Fellows  of  this  Society  have  cheered  me  from  the  first  with  their  kindly  approval 
and  encouragement.  I  look  upon  this  award,  as  I  did  upon  that  which  i  received 
a  few  years  a^o,  as  distinct  and  tangible  evidence  of  their  continued  interest  in  my 
work  and  their  desire  for  its  continuance,  and  I  accept  it  in  the  spirit  in  which  it  is 
given.  I  am  especially  gratified  that  the  present  award  is  associated  with  the 
illustrious  name  of  Sir  Charles  Lyell.  His  unbiassed  conscientiousness  in  the  ac- 
cumulation of  his  facts,  his  fearless  and  earnest  searoh  for  truth,  and  truth  alone, 
and  his  calmness  and  modesty  in  the  presentation  of  his  magnificent  results,  have 
always  made  him  appear  in  my  eyes  to  oe  that  of  one  of  the  geologists  of  the  modem 
most  worthy  of  respect  and  imitation,  and  I  feel  a  profound  pleasure  in  bein^ 
>  MMMnated,  however  remotely,  with  his  illustrious .  name.     I  x»ui  only  trust  that 
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in  tile  future  which  is  left  to  me,  that  little  which  I  shall  be  able  to  accomplish  may 
be  performed  at  least  somewhat  in  his  spirit,  and  along  those  lines  which  shall  retain 
ior  me  that  which  I  regard  as  one  of  tne  proudest  possessions  of  my  scientific  life— 
tlie  sympathy  and  appr^tion  of  the  Fellows  of  this  Society. 

The  Pbksident  then  presented  to  the  Bev.  Norman  Olass  the 
seoond  moiety  of  the  Lyell  Donation  Fund,  and  addressed  him  as 
follows : — 

Mr.  G1.A80, — The  Council  hare  awarded  to  ^ou  part  of  the  proceeds  of  the  Lyell 
Donation  Fund  in  recognition  of  the  valuable  aid  and  services  you  have  rendered  in 
rinddating  the  historv  and  internal  structure  of  the  British  and  Foreign  Bzachiopoda. 
The  generous  and  talented  assistance  you  have  rendered  to  Mr.  Davidson  through 
Tovr  method  of  preparing  for  observation  the  interior  anatomy  of  the  Brachiopo<m, 
for  the  publication  of  his  great  **  Memoir  *'  upon  the  British  Paleozoic  Brachiopoda, 
inaj,  perhime,  only  be  known  to  a  few ;  but  tiiose  few  so  highly  appreciate  your 
dismteresteu  aid,  and  the  result  of  your  work  as  depicted  by  Mr.  Davidson,  in  the 
plates  of  the  volumes  of  the  PaliBontographical  Society,  that  the  universal  praise  of 
70m*  patience  and  industry  has  caused  the  Council  to  deem  you  richly  deserving  the 
award  they  ask  you  to  receive  to  help  you  on  still  more  with  your  valuable  work. 

Mr.  Glabb,  in  reply,  said: — Mr.  President, — I  need  hardly  say  that  I  greatly 
eiteem  the  honour  which  has  been  conferred  upon  me  by  the  Council  of  this  ^iety. 
The  sense  of  this  honour  has  been  increased  by  my  bein^  associated  with  those 
gentlemen  whose  services  to  science  you  have  lust  recognized,  and  I  am  more 
especially  gratified  in  receiving  this  honour,  Sir,  from  your  hands,  remembering  the 
kindness  and  encouragement  which  I  received  from  yourself  and  from  the  late  Dr. 
S.  P.  Woodward  more  than  twenty  years  ago,  when  I  first  began  to  take  an  interest 
in  pala^ntology.  Of  course  my  work  has  Deen  subsidiary  to  that  of  my  honoured 
friend  Mr.  Davidson,  whose  scientific  attainments  and  achievements  are  well  known 
and  esteemed  by  all  who  are  interested  in  the  study  of  geology.  I  have  often,  no 
doubt,  during  the  three  or  four  years  of  my  labours  with  ^fr.  Davidson  tried  his 

Satience ;  but  then  he  has  also  sometimes  severely  tried  mine ;  for  he  has  persistently 
emanded  proof,  and  still  more  proof,  long  after  I  have  been  convinced  myself  of 
certain  peculiarities  of  structure.  Very  naturally,  whilst  manipulating  a  specimen, 
1  often  arrived  at  assurance  myself  be^re  I  could  make  such  preparations  as  would 
convince  an  observer  who  had  not  been  using  my  process  for  hmiself.  However, 
Mr.  Davidson's  persistent  demands  for  proof  have  only  added  to  the  assured  correct- 
ness of  the  results  obtained.  Mr.  Davidson  I  have  found  in  many  respects  an 
admirable  correspondent.  Some  of  my  friends  seem  to  cherish  the  preposterous  idea, 
that  if  you  will  only  allow  a  letter  to  remain  quiet  long  enough  it  will  answer  itself. 
This,  howeveik',  is  not  the  principle  by  which  Mr.  Davidson  acts  in  his  correspond- 
ence ;  and  to  the  hundreds  of  communications  I  have  sent  to  him  I  have  hardly  ever 
failed  to  receive  an  answer  by  return  of  post.  In  concluding  my  remarks  I  should 
like  to  express  again  the  esteem  with  which  I  regard  the  honour  which  the  Council 
of  the  Society  has  been  pleased  to  confer  upon  mc,  and  the  hope  I  have  that,  inspired 
by  their  kinc&y  recognition,  1  may  do  some  further  service  to  the  science  which  I 
love  so  well. 

The  President  next  presented  a  portion  of  the  proceeds  of  the 
Barlow- Jameson  Fund  to  Baron  Constantin  von  Ettingshausen, 
Professor  of  Botany  in  the  University  of  Graz,  Austria,  and  ad- 
dressed him  as  follows : 

Profewor  von  Ettinoshausen,— It  is  with  much  pleasure  that  the  Council  of 
the  Geological  Society  award  to  you  the  proceeds  of  the  Bnrlow- Jameson  Fund,  in 
recognition  of  their  high  appreciation  of  your  valuable  contributions  to  Fossil  Botany. 
Your  services  to  this  branch  of  science  consist  in  the  application  of  your  knowledge 
of  Kecent  Botany  to  the  investigation  of  Fossil  Plants,  your  extensive  researches 
into  the  forma  anS  venation  of  recent  leaves,  with  the  view  of  discovering  characters 
which  would  assist  in  determining  the  affinities  of  the  constituents  of  the  Tertiary 
floras,  and  the  success  which  has  attended  your  experiments  in  exposing  the  remains 
of  plants  by  freezing  water  which  has  been  forced,  under  great  pressure,  into  the 
matrix.  The  value  of  your  labours  is  shown  bv  your  numerous  memoirs  on  Fossil 
PbntB,  PaloMiioic  and  Mesozoic,  as  well  as  l^ertiary,  published  during  the  ^^joj^ 
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thirty  yean,  daring  whicli  time  you  have  enriched  the  literature  of  this  science  with 
no  less  than  sixty  papers,  published  chiefly  in  the  Transactions  of  the  Vienna 
Academy.  We  have  also  to  take  into  consideration  the  important  work  which, 
in  association  with  Mr.  Gardner,  you  have  accomplished  relative  to  our  English 
'i  ertiary  Fossil  flora  contained  in  the  clay  beds  of  Bournemouth  and  the  Isles  of 
Wight  and  of  Sheppey.  This  recognition  of  your  services  will  show  that  your 
labours  are  appreciatea  and  valued  by  British  paleontologists,  and  may  encourage 
you  to  the  continued  prosecution  of  the  work  you  have  undertaken,  a  work  whiflk 
your  extensive  acquaintance  with  Tertiary  floras  in  other  lands  specially  fits  jba  to 
perform. 

Prof,  von  Ettinoshausen,  in  reply,  said : — Mr.  PreaideBi»<— I  liave  to  express 
my  best  thanks  to  the  Geological  Society  for  the  honour  eooferred  on  me  this  dav  by 
the  Council  of  the  Society,  and  I  am  eipeciaUy  mteful  to  you,  Sir,  for  the  kina 
manner  in  which  you  have  spoken  of  mj  works.  If  any  encouragement  was  needed 
to  induce  me  to  continne  m/b  work  upon  which  I  am  engaged,  it  would  be  fonnd  in 
the  kind  words  whidi  I  have  received  from  you  to-day. 

The  President  then  read  his  Anniversary  Address,  in  which  ho 
treated  of  the  analysis  and  distribution  of  the  British  Jurassic  fossils, 
with  especial  reference  to  their  distribution  in  successive  formations, 
which  was  elucidated  by  elaborate  tables.  Prefaced  to  the  Address 
were  some  obituary  notices  of  Fellows  and  Foreign  Members  of  the 
Society  deceased  during  the  past  year,  including  Sir  P.  de  M.  Grey- 
Egerton,  Bart.,  Mr.  R.  Mallet,  Sir  Antonio  Brady,  Mr.  E.  W.  Binney, 
Mr.  Samuel  Sharp,  Professor  Teunant,  Mr.  Charles  Moore,  Mr. 
Maclauchlan,  M.  A.  Delesse,  and  Dr.  Ami  Boue. 

The  ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  duly 
elected  for  the  ensuing  ye&r  i^Frrside it t :  J.  W.  Hulke,  Esq.,  F.K.S.  Vtee~ 
Presidents:  Prof.  P.  M.  Duncan,  M.B.,  F.R.S. ;  J.  Gw)!!  Jeffreji,  LL.D.,  F.R.S.; 
Prof.  N.  S.  Maskelyne,  M.A.,  M.P.,  F.R.S.  ;  l>rof.  J.  Morris,  M.A.  Secretaries: 
Prof.  T.  G.  Bonney,  M.A.,  F.R.S. ;  Prof.  J.  W.  Judd,  F.R.S.  Foreign  Secretary: 
Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S.  Treasurer :  Prof.  T.  Wiltshire,  M.A., 
F.L.S.  Council:  H.  Bauerman,  Esq.;  Prof.  T.  G.  Bonney,  M.A.,  F.R.S.; 
W.  Camithers,  Esq.,  F.R.S. ;  Prof.  P.  M.  Duncan,  M.B.,  F.R.S. ;  R.  Etheridge, 
Esq.,  F.R.S.;  John  Evans,  D.C.L.,  LL.D.,  F.R.S.  ;  J.  Clarke  Hawkshaw,  Esq., 
M.A. ;  Rev.  Edwin  HUl,  M.A. ;  G.  J.  Hinde,  Ph.D. ;  J.  W.  Hulke,  Esq  ,  F.R.S.; 
J.  Gwyn  Jeffreys,  LL.D.,  F.R.S.;  Prof.  J.  W.  Judd,  F.R.S.;  Sir  J.  Lubbock, 
Bart.,  D.C.L.,  M.P.,  F.R.S.;  Prof.  X.  S.  Maskelyne,  M.A.,  M.P.,  F.R.S.; 
Prof.  J.  Morris.  M.A. ;  S.  R.  Pattison,  Esq. ;  Prof.  J.  Prestwich,  M.A.,  F.R.S.; 
F.  W.  Rudler,  Esq.;  Prof.  H.  G.  Seeley,  F.R.S.  ;  Warington  W.  Smyth,  Ksq., 
M.A..  F.R.S..  W.  Topley,  Esq.;  Prof.  T.  Wiltshire,  M.A.,  F.L.S. ;  Henry 
Woodward,  LL.D.,  F.R.S. 


II.— February  22,  1882.— J.  W.  Hulke,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read : — 

1.  "Additional  Discoveries  of  High-level  Marine  Drifts  in  North 
Wales,  with  Hemarks  on  Driftless  Areas."  By  D.  Mackintosh,  Esq., 
F.G.S. 

The  author  begins  with  remarks  on  the  importance  of  the  marine 
drift-area  (part  of  which  he  briefly  described  in  his  last  paper), 
especially  as  regards  its  great  extent,  and  the  absence,  so  far  as  yet 
known,  of  similar  high-level  drifts  (between  1000  and  1350  feet 
above  the  sea)  in  continental  Europe,  Asia,  or  North  America.  He 
lately  traced  the  drift-area  two  miles  further  south  than  he  had  done 
during  former  explorations,  its  entire  length  being  little  short  of 
£ve  miles.     In  this  paper  he  gives  a  detailed  description  of  the 
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nameroas  exposures  of  lonnded  gravel  and  stratified  sand  between 
the  north  end  of  Minera  Mountain  and  Llangollen  Yale,  which,  in 
some  places,  spread  out  into  large  flat  expanses,  but  more  frequently 
asBume  the  form  of  knolls  (frequently  in  perohed  positions),  whion 
rise  np  from  beneath  a  covering  of  clay  or  peat.  He  dwells  on  the 
probable  origin  of  the  knoll-shaped  configuration,  including  the 
theory  of  the  precipitation  of  the  drift  from  the  stranding  of  floating 
]oe»  and  the  forcing  up  of  previously  deposited  drift  by  the  same 
agency,  b«t  inclines  to  the  idea  of  the  knolls  having  been  chiefly 
accumulated  by  sea-currents.  The  author  then  describes  sevend 
large  areas  in  North  Wales  in  which  he  could  find  no  trace  of 
rounded  gravel,  enters  into  a  consideration  of  the  causes  of  these 
driftless  areas,  and  discusses  the  relative  merits  of  the  theory  of 
their  having  been  temporarily  occupied  by  land-ice,  and  of  the 
theory  of  non-exposure  to  tempestuous  seas,  or  seas  capable  of 
rounding  stones.  He  then  gives  an  account  of  the  discovery  of 
granite  boulders,  associated  with  partially  rounded  drift,  on  the 
summit  of  Moel  Wnion,  1900  feet  above  Uie  sea  (near  Aber,  North 
Wales) ;  and  endeavours  to  show  that,  while  they  could  have  been 
readily  transported  by  floating  ice  (probably  from  Scotland,  certainly 
not  from  Cumberland),  the  flow  of  land-ice  from  Snowdon,  according 
to  Ramsay,  along  the  north  face  of  Moel  Wnion,  must  have  prevented 
the  access  of  northern  land-ice  to  the  summit  of  the  latter  mountain, 
while  land-ice  flowing  from  Cumberland  to  Anglesey  (according  to 
Ramsay)  could  not  have  been  crossed  by  land-ice  flowing  south  from 
Scotland  to  Moel  Wnion.  After  referring  to  the  outward  direction 
of  striae  on  the  north  coast  of  North  Wales,  he  concludes  by  giving 
a  summary  of  facts  and  inferences. 

2.  "  On  some  Sections  of  Lincolnshire  Neocomian."  By  H.  Keep- 
ing, Esq.,  of  the  Woodwardian  Museum,  Cambridge.  Communicated 
by  W.  Keeping,  Esq.,  M.A.,  F.G.S. 

The  construction  of  the  Louth  and  Lincoln  Railway,  in  the  year 
1872,  led  to  the  exposure  of  some  fine  sections  of  the  Neocomian 
strata  forming  the  base  of  the  Lincolnshire  Wold.  From  these  beds 
the  author  had  obtained  a  very  large  number  of  fossils,  in  many 
cases  in  an  excellent  state  of  preservation.  As  the  sections  are  now 
becoming  obscure,  the  author  gives  an  account  of  the  observations 
made  by  him  at  the  time  when  they  were  best  exposed,  with  lists 
of  the  fossils  he  obtained  from  them.  He  agrees  with  Professor 
Judd,  who  in  1867  first  described  these  strata  and  determined  their 
age,  in  his  conclusions  concerning  the  classification  and  correlation 
of  the  beds,  but  is  disposed  to  regard  the  sands  above  Market  Rasen 
as  being  a  drift  deposit,  and  not  as  belonging  to  the  Lower  Sand  and 
Sandstone. 

3.  "  Notes  on  the  Geology  of  the  Cheviot  Hills  (English  side)." 
By  C.  T.  Clough,  Esq.,  M.A.,  F.G.S. 

Aflter  a  brief  description  of  the  physical  structure  of  the  district, 
the  author  passes  on  to  its  igneous  rocks.  These  he  groups  under 
three  heads — (1)  the  granite,  (2)  the  lava  flows  and  ash  beds,  (3) 
the  intrusive  dykes.     The  first  occupies  an  area  of  about  24  square 
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miles,  it  varies  much  in  texture,  is  generally  not  oonspioaonsly  rich 
in  quartz,  and  often  contains  hornblende  as  well  as  mica.  It  exhibits 
in  places  a  curious  streaked  or  banded  structure  due  to  local  crushing. 
This  is  fully  described.  The  lava  flows  (with  ashes)  are  porphyrito; 
this  is  generally  compact,  sometimes  glassy  in  structure,  with  scat- 
tered crystals  of  plagioclase,  biotite,  hornblende  (sometimes  augite), 
a  little  free  quartz,  and  occasional  olivine  and  apatite.  Some  peculia- 
rities in  these  rocks  are  described.  The  intrusive  dykes  (8)  consist 
of  (o)  coarBo  red  porphyrite,  (6)  quartz  porphyry,  (c)  felsite,  (d) 
granite.  The  author  considers  that  the  porphyrite  and  granite 
(which  are  alternately  intrusive  one  in  another)  belong  approxi- 
mately to  the  same  geological  epoch.  This  is  the  Lower  Old  Red 
Sandstone  ;  and  as  pebbles  of  the  granite  as  well  as  of  the  porphyrite 
occur  in  the  Lower  Carboniferous  measures  of  the  region,  great 
denudation  must  have  taken  place  prior  to  the  latter  epoch.  The 
author  also  describes  some  basalt  dykes  which  he  considers  to  be  of 
Miocene  age. 


DR.  ROBERTS  ON  THE  TWT  HILL  SERIES. 
Sir, — I  fear  that  in  oontniversy  Dr.  Roberts  occasionally  allows 
too  much  freedom  to  his  imagination.  His  reply  to  my  criticisms 
on  his  communication  relating  to  the  conglomerates  of  the  Twt 
Hill  district  and  of  Anglesey  is  in  many  respects  far  from  accurate. 
For  instance,  he  draws  a  plan  of  the  Twt  Hill  Pit,  places  a  line 
A  B  thereon,  and  states :  **  Prof.  Bonney's  section  was  taken  along 
the  line  A  B,'*  There  is  nothing  in  our  article  (Q.  J.G.S.  vol.  xxxv. 
p.  321)  to  warrant  this  assertion.  My  section  was  intended  to  be 
drawn  roughly  in  the  same  line  as  Prof.  Hughes's — but  did  not 
include  so  much,  as  I  wished  to  call  particular  attention  to  the  bands 
of  conglomerate  associated  with  the  arkose  (because  at  the  time  I 
considered  this  important  as  relating  to  the  age  of  the  rock).  One 
of  the  bands  rather  high  in  the  conglomerate  did  seem  to  me  there  to 
l)ear  a  resemblance  to  the  bottom  rock,  but  from  subsequent  visits 
I  came  to  the  conclusion  that  I  had  overestimated  the  resemblance. 
The  diagram  exhibited  at  the  Society  was  a  sketch  of  the  pit  (I 
have  the  original  before  me)  exhibited  to  illustrate  the  same  point 
From  where  I  stood  Twt  Hill  was  seen  in  the  position  indicated, 
but  I  never  said  the  beds  dipped  under  it,  and  there  is  nothing  iu 
the  drawing  to  make  this  essential.  The  outcrop  there  shown  is 
compatible  with  their  passing  on  either  side.  I  said  the  strike 
seemed  E.N.E.  Dr.  Roberts's  diagram  makes  it  the  same :  how  then 
could  my  diagram  be  drawn  along  A  B?  Sections  are  usually 
drawn  approximately  at  right  angles  to  the  strike  of  the  beds.  I 
did  not,  however,  regard  this  strike  as  perfectly  accurate,  for  there 
were  no  exposures  very  well  suited  for  measurement —and  with  a 
dozen  pupils  about  one  (among  whom  I  believe  was  Dr.  Roberts) 
asking  all  kinds  of  questions,  it  is  difficult  to  avoid  an  error  of 
a  few  degrees.     The  Gefn  Cynryg  grits  mentioned  in  my  paper  of 
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the  present  Tolame  (p.  20)  are  not  the  same  as  the  Careg  Qooh 
grits;  that  is  to  say,  I  am  not  speaking  of  the  same  localities. 
Possibly  I  may  have  fallen  into  some  error  in  desi$cn&ting  the  places. 
In  a  thinly  populated  coontry,  with  names,  and  often  a  language, 
that  to  an  Ehiglish  ear  are  as  unintelligible  as  if  they  were  Pata- 
gonian,  and  with  a  map  that  (from  lapse  of  time)  needs  revision,  it 
18  difficnlt  to  avoid  error.  I  still  maintain  that  the  materials  of  the 
Anglesey  conglomerates  are  no  valid  proof  in  the  case  of  the  Twt  HiU 
beds.  I  never  intended  to  imply  that  every  Cambrian  conglomerate 
mast  contain  felsite  pebbles.  The  language  of  my  article  does  not 
warrant  the  absurd  "  major  premiss  "  which  Dr.  Roberts  attributes 
to  me.  I  was  obviously  speaking  (I  appeal  to  any  unprejudiced 
reader  to  confirm  this)  of  the  conglomerates  of  the  Bangor-Camar- 
Ton  region,  which  are  full  of  felsite  pebbles,  and  argued  that 
it  was  very  strange  if  this  one  conglomerate  of  that  region, 
which  did  not  contain  felsite  pebbles,  should  be  Cambrian — and  I 
pointed  out  that  the  absence  of  these  in  a  distant  region  could  not  l>e 
adduced  in  explanation  of  their  absence  here.  Put  concisely  this 
was  my  argument — "In  the  Bangor-Camarvon  district  is  a  mass 
of  felstone.  This  has  largely  supplied  materials  to  the  Cambrian 
and  latest  Pre-Cambrian  conglomerates.  In  the  same  district,  and 
near  the  felstone,  are  grits  and  conglomerates  in  which  I  do  not  find 
felstone  fragments.  Therefore  I  think  they  are  not  of  the  same  age 
as  the  others.  As  I  do  not  believe  they  can  be  later,  I  suppose 
they  are  earlier.  The  absence  of  felstone  from  conglomerates  several 
miles  from  the  mass  of  this  rock  does  not  seem  to  me  to  have  much 
bearing  on  the  subject." 

As  regards  the  last  paragraph  of  Dr.  Eoberts's  article,  where  he 
thinks  he  has  made  me  contradict  myself,  I  beg  leave  to  request  him 
to  read  my  article  (pp.  114-117)  again,  and  he  will  see  that  I  have 
never  admitted  the  Twt  Hill  series  as  Cambrian.  He  forgets  that  I 
maintain  that  there  is  a  considerable  series  (larger  than  that  ad- 
mitted by  Prof.  Hughes)  beneath  the  Cambrian  conglomerate  of  the 
Bangor  area — Pebidian  I  suppose  we  may  call  it — and  I  think  it 
more  probable  that  the  Twt  Hill  series  belongs  to  this.  The  amount 
of  alteration  shown  by  the  microscope  is  considerably  greater  than  is 
usual  in  the  Cambrian  rocks.  But  really,  to  criticize  fully  this 
last  paragraph,  I  should  have  to  print  it  with  a  running  commentary, 
Bo  full  is  it  of  assumptions  which  I  should  dispute,  or  inferences 
which  I  maintain  do  not  follow  from  my  words.  After  the  above 
example  of  his  mode  of  conducting  a  controversy,  Dr.  Roberts  must 
excuse  me  if  I  take  no  notice  of  any  further  communication  which 
he  may  make  on  this  subject.  T.  G.  Bonnet. 

THE  HEADON  HILL  SECTION. 
Sib, — As  I  hope  very  shortly  to  have  an  opportunity  of  defend- 
ing the  views  which  I  hold  (in  common  with  many  foreign  geologists) 
concerning  the  classification  of  the  Isle  of  Wight  Tertiaries,  I  should 
not  have  intervened  in  the  controversy  at  the  present  moment,  had 
I  not  felt  myself  compelled  to  protest  against  certain  remarks  made 
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by  the  Rev.  0.  Fisber,  in  your  last  Number.  As  tbat  gentleman 
expresses  the  opinion  that  my  views  are  based  on  work  '*in  the 
library  and  museum/'  I  may  be  permitted  to  state  that  for  more  than 
twenty  years  I  have  devoted  much  time  and  labour  to  the  study  of 
the  section  in  question.  During  that  period  I  have  measured  it 
down,  bed  by  bed,  at  least  a  dozen  times,  and  it  may  be  some  com- 
fort to  my  critics  to  inform  them  that  the  results  arrived  at,  on 
various  occasions,  differ  almost  as  greatly  as  do  theirs  from  one 
another,  and  from  the  earlier  sections  of  Dr.  Wright,  the  Greological 
Survey,  etc.  Indeed,  as  I  have  stated  in  my  paper,  my  prolonged 
study  of  the  section  has  impressed  me  with  a  profound  distrust  as  to 
the  constancy  of  particular  bands  in  these  variable  estuarine  deposits. 
It  is  true  that  in  addition  to  working  at  the  English  sections,  1  have 
visited  the  deposits  of  equivalent  age  in  France,  Belgium,  Germany 
and  other  countries,  that  I  have  examined  very  large  collections 
made  from  these  deposits,  and  placed  in  Continental  museums,  and 
that  I  have  even  gone  so  far  as  to  carefully  study  the  works  of 
foreign  geologists  which  bear  upon  the  question.  But  I  hope  that 
Mr.  Fisher  is  the  only  geologist  who  will  regard  such  action  as  con- 
stituting a  disqualification  on  my  part  In  conclusion  I  must  express 
my  regret  that  your  correspondent  has  such  a  poor  opinion  of  the 
natives  of  the  Isle  of  Wight  as  to  suggest  that  the  amenities  of  con- 
troversy are  not  to  be  expected  from  them.  My  ancestora  for  many 
generations  lived  in  the  island,  and  though,  owing  to  circumstances 
over  which  I  had  no  control,  I  cannot  claim  the  distinction  of  being 
a  native  myself,  yet  I  feel  almost  as  jealous  of  any  slur  being  cast 
upon  their  good  name,  as  if  I  had  not  been  bom,  just  across  the 
Solent,  in  the  adjoining  island  of  Great  Britain.  John  Judd. 


LAURENTIAN  ROCKS  OF  DONEGAL. 

Sib, — Permit  me  to  withdraw  the  last  paragraph  in  page  132  of 

my  letter  which  appeared  in  the  Geological  Magazine  for  March, 

and  to  express  regret  for  having  allowed  myself  to  pen  it 

Geological  Survey  of  Ireland,  EdWARD  Hull. 

14,  Hume  Street,  Dublin,  8M  March,  1882. 


RATE  OF  DENUDATION  OF  THE  LAND  BY  RIVERS. 

Sib, — In  answer  to  your  correspondent,  "  McJames,"  writing  from 
India,  in  your  March  Number,  I  may  remark  that  Prof.  Hopkins 
only  published  one  paper  on  the  "Transport  of  Erratic  Blocks," 
and  if  your  correspondent  had  referred  to  that  paper  he  would 
have  seen  my  calculation  was  correct,  see  page  233,  vol.  viii.  Cam. 
Phil.  Trans,  line  3.  Mr.  Hopkins  writes:  "ITierefore  the  moving 
force  of  a  current,  estimated  by  the  volume  of  weight,  of  the  mass, 
of  any  proposed  form,  which  it  is  just  capable  of  moving,  varies  as 
tlie  6th  power  of  the  velocity."  As  729  is  the  sixth  power  of  three, 
my  calculation  in  your  journal  of  an  increase  of  729  times  was 
therefore  perfectly  correct,  although  by  a  printer's  or  a  clerical  error, 
the  fifth  power  of  3  was  inserted  instead  of  the  sixth  power  of  3. 
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In  answer  to  question  1,  I  would  refer  to  Phil.  Mag.  1874,  page 
205.  also  to  pages  446,  467,  Gkol.  Mao.  Deo.  II.  Vol.  11.  1875,  for 
my  fonnnlse  of  increase  of  velooity  of  water  with  increase  of  quantity 
flowing,  although  slope  is  not  altered.  In  answer  to  question  2, 
the  Pluvial  period  is  described,  page  105,  Quart.  Joum.  vol.  xxiv. 
1868,  Tylor,  Amiens  Gravel.  In  answer  to  question  3,  Hopkins's 
paper  referred  to  is  line  3,  page  233,  vol.  viii.  Cam.  Phil.  Trans. 
In  answer  to  question  4, 1  explained  in  my  letter  how  I  arrived  at  the 
▼elodty  being  three  times  greater  in  the  Pluvial  period.  But  on  page 
63,  vol.  XXV.  Quart  Joum.  1869,  I  give  some  cases  in  which  the 
water  flowing  must  have  been  129  times  greater  than  at  present 
At  page  9,  op.  6t(.,  I  suggest  a  rainfall  of  300  inches  in  the  Pluvial 
period.  « 

I  would  also  recommend  Mr.  McJames  to  read  Login  on  the  Gkmges 
Valley,  who  refers  to  my  papers  in  the  Quart  Joum.  Geol.  Soo. 

With  regard  to  a  wet  period,  M.  Belgrand,  of  Paris,  in  his  great 
work  on  the  Gravels  of  the  Seine,  found,  in  1871-2,  that  it  was  im- 
possible to  explain  the  size  of  the  valleys  and  the  deposits  of  gravel, 
without  assuming  a  wet  period  in  which  the  rainfall  was  twenty  or 
twenty-five  fold  that  at  present  in  that  part  of  France,  thus  confirm- 
ing my  view  published  in  1868.  By  the  equation,  page  467,  Vol.  IL 
Dec.  IL  Geol.  Mag.  the  velocity  increases  the  cube  root  of  the  increase 
of  the  quantity.  If  the  rainfall  was  as  stated  by  Belgrand  and  myself, 
the  velocity  of  streams  should  be  three  times  as  much  as  at  present, 
and  the  moving  force  would  be  as  the  sixth  power.  Then  3"  =  729, 
that  is  to  say,  where  a  stone  now  of  1  lb.  weight  can  be  moved,  a 
stone  of  729  lbs.  weight  could  then  have  been  lifted.  In  the  Upper 
Ganges,  running  through  a  great  gravel  formation,  the  water-level 
never  reaches  now  within  30  feet  of  the  top  of  the  banks.  India 
exhibits  the  proof  of  a  foimer  Pluvial  period. 
London,  March  11, 1882.  A.  Ttlob. 


SUPPOSED    LAUREXTIAN    ROCKS. 


Sir, — "When  I  received  the  March  Number  of  the  Gkol.  Mag.,  I 
learned  that  the  Philistines  were  upon  me;  but  as  I  have  so  little 
time  to  spare,  that  I  cannot  even  read  the  papers,  my  letter  must 
necessarily  be  short. 

Dr.  Callaway  visited  the  Wexford  district  without  ray  maps,  and 
left  the  most  important  sections  unvisited,  and  that  he  does  not 
know  my  work  is  evident  from  what  he  has  written  about  it.  I 
suggested  he  should  visit  West  Gal  way  ;  because,  in  that  country, 
he  woultl  find  the  rocks  so  well  exposed  that  his  supposed  uncon- 
formability  in  the  Wexford  rocks  southward  of  Greenore  would  be 
then  explained.  I  cannot  understand  where  he  obtained  the  obsolete 
maps ;  as,  after  my  maps  of  the  Wexford  district  were  published,  I 
could  not  obtain  copies  of  the  old  ones  from  any  of  the  authorized 
Irish  publishers. 

To  Professor  Hull's  letter  it  is  unnecessary  to  make  any  reply. 
GoBXO,  March  6M,  1882.  G.  H.  KiNAHAN. 
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THE    BEIDLINOTON    CEAG. 

Sib, — In  yonr  Number  for  December,  1881  (p.  638),  Mr.  Lamplnj 
introducing  what  he  had  to  say  about  Bridlington  and  Dimlingt 
by  quoting  from  the  first  part  of  my  memoir,  ''On  the  new 
Pliocene  period  in  England,"  my  asseHion  that  the  Bridlingt 
shells  lived  where  they  occur,  adds  that  this  is  ''  very  doubtful." 

What  I  endeavoured  in  that  memoir  to  show  was,  that  at  the  tii 
when,  at  the  beginning  of  the  great  submergence,  the  land-ioe  fou 
its  way  to  the  sea,  while  that  was  as  yet  confined  to  the  east  side 
England,  and  the  Crag  shells,  Nucula  Cobboldice  and  Tellina  ohliqi 
had  not  become  extinct,  the  basement  clay  of  Holderness  was 
moraine,  the  ice  which  formed  it  being  so  much  of  that  envelopi 
the  wold  as  issued  through  the  Humber ;  that  as  this  ice  beg 
to  retreat  before  increasing  submergence  (to  advance  afterwai 
during  emergence,  while  forming  the  chalky  clay,  in 
direction  which,  in  consequence  of  the  altered  inclination 
England,  was  quite  different  to  that  of  its  retreat,  so  that  it  avoid 
Holderness),  it  uncovered  this  moraine,  whereupon  the  Bridlingt 
and  Diralington  roollusca  established  themselves  upon  it,  becoiui; 
imbedded  in  the  thin  beds  of  mud  and  sand  which  were  then  thro\ 
down  on  it,  and  which,  perhaps,  became  some  of  them  buried  in  t 
moraine  by  slight  alternations  in  advance  or  retreat  of  the  contiguo 
ice  as  it  was  (on  the  whole)  retiring ;  that  afterwards,  during  t 
emergence,  and  when  the  ice  giving  rise  to  the  moraine  of  t 
chalky  clay  was  pushing  in  its  altered  direction,  and  invading  Et 
Anglia  and  the  East  Midland  Counties,  a  stream  of  ice  from  t 
North  of  Yorkshire  (reinforced  by  the  land-ice  which  crossed  t 
Pennine  at  Stainmore  and  brought  the  Shap  blocks  found  in  t 
purple  clay  of  East  Yorkshire)  came  southwards  down  the  east  si 
of  Yorkshire,  and  gave  rise  by  its  moraine  to  the  purple  clay ;  ai 
that  in  doing  so  it  passed  over  this  early  moraine  which  had  be* 
deserted  by  the  ice  during  the  progress  of  the  submergence,  breakii 
up  and  twisting  up  into  the  old  moraine  the  thin  beds  containii 
the  remains  of  the  mollusca  which  had  established  themselves  upc 
it  Not  only  did  it  do  this,  but  it  carried  off  part  of  the  old' 
moraine  and  incorporated  this  into  its  own,  the  lower  part  of  this, 
which  chalk  is  plentiful,  being  largely  made  up  of  the  older  moraii 
reconstructed,  and  sheets  of  the  old  moraine  thus  carried  off  ai*e 
Dimlington  and  near  the  site  of  the  Talbot  Inn  to  be  seen  alternatii 
with  sheets  of  the  newer  moraine  in  the  lower  part  of  the  latter. 

So  far  from  what  Mr.  Lamplugh  had  to  show  invalidating  ni 
assertion  that  the  shells  lived  where  they  occur,  his  descriptioi 
appear  to  me  in  the  fullest  way,  as  far  as  they  go,  to  confirm  n 
only  this  assertion,  but  the  whole  process  which  I  have  traced. 

February  6,  1882.  SeableS  V.   WooD. 

Errata  in  the  February  Number,  1882. 

p.  94,  line  10  from  bottom,  for  **  Upper  White  Lias,"  read  "  Upper  Lias." 
p.  96,  for  **  Transactions  ol  the  Bath  Literary  and  Philosophical  Association,"  ret 
**  Procoe^ngs  of  the  Bath  Natural  History  and  Antiquarian  Field  Club." 
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{Continued  from  page  161.) 

(PLATE  V.) 
Genns  Fusus,  Lamarck,  1799. 

rB  number  of  fossil  species  of  Fubus  is  considerable,  but  they 
do  not  date  back  from  a  very  high  antiquity.  None  are 
enumerated  by  Tate  and  Blake  from  the  Lias  of  Yorkshire.  Certain 
forms  from  the  Upper  Lias  of  Normandy,  referred  by  Deslong- 
champs  to  Fusus,  have  not  been  accepted  as  such,  and  the  first  of 
the  genus  admitted  by  D'Orbigny  is  Fusus  nodulosus,  Desl.,  from  the 
Great  Oolite  of  Langrune.  Even  this  almost  comes  within  the  genus 
Brachytrema  of  Lycett  (Ool.  Moll.  p.  24),  instituted  to  include  some 
small  turbinated  forms  with  highly  ornamented  whorls  and  a  short 
oblique  canal. 

Fusus  multtcostatuSf  M.  and  L.,  from  the  Great  Oolite  of  Minchin- 
hampton,  has  a  better  claim  to  be  admitted  into  the  genus.  This 
species  is  recognized  by  Brauns  as  occurring  in  what  may  be 
regarded  as  the  equivalents  of  the  Great  Oolite  in  N.W.  Germany. 
But  the  most  thorough  Fusus,  perhaps,  of  the  Jurassic  rocks  is 
F,  Piette,  Heb.  and  Desl.,  from  the  Callovian  of  Montreuil-Bellay.^ 

Seeing  that  there  is  little  encouragement  to  expect  a  Fusus  in  the 
Superior  Oolite  of  Yorkshire,  it  is  not  altogether  without  hesitation 
that  I  have  introduced 

1.— Fusus,  sp.     PL  V.  Figs,  la,  16. 

Description. — Specimen  from   the  Dogger  (Zone  1)  Peak  (Blue 

Wyke).     My  Collection. 

Length 27  millimetres. 

Wicfth    15  „ 

Spiral  angle 66'. 

The  shell  tapers  towards  either  extremity.  Body-whorl,  including 
the  canal,  about  3-5  times  the  length  of  the  rest  of  the  spire.  No 
umbilicus.      Aperture  oval-elougate  and  curving  anteriorly.     The 

^  Bull.  Soc.  Linn.  Norm.  v.  p.  172,  pi.  viii.  fig.  6. 
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state  of  oonservation  is  such  that  no  closer  desoription  can  be  given : 
it  is  difficult  to  say  how  far  the  smooth  appearance  of  the  spire  is  to 
be  relied  upon  as  a  character. 

The  specimen  is  unique,  and  was  found  by  the  late  Peter  CuUen. 
It  has  been  suggested  that  the  shell  might  be  that  of  a  Pteroceras. 

Genus  Pubpubina,  D'Orbigny,  1847,  Prod.  i.  p.  270. 

Defined  by  Deslongchamps,  1860  (Bull.  Soa  Linn.  Norm.  voL  v. 
p.  136). 

The  history  of  Purpurtna  is  rather  singular.  D'Orbigny  gives 
a  short  diagnosis  in  the  Prodrome,  and  names  several  species  from 
the  Bajocian,  Bathonian,  Callovian,  and  Oxfordian;  all  of  which, 
perhaps,  belong  to  the  genera  Brachytrema  and  Purpuroidea  of 
Lycett  In  the  ''Terrains  Jurassiques,"  as  is  well  pointed  out  by 
Deslongchamps,^  numerous  figures  of  Purpurtna  are  given  in  the 
atlas,  most  of  which  belong  to  the  genus  Eucydus  (Amberleya).  In 
the  text  D*Orbigny  says  nothing  about  the  genus  Purpurtna,  nor  is 
there  a  word  of  description  of  any  of  the  species  figured. 

It  is  clear  that  the  able  author  of  the  Paleontologie  Fran^aise 
abandoned  his  offspring  in  the  most  heartless  manner.  Fortunately 
there  is  just  one  figure  of  a  most  characteristic  form,  P.  hellonat 
D'Orb.  (T.  J.  pi.  331,  figs.  1  and  3),*  from  the  Inferior  Oolite  of 
Bayeux,  and  this  has  been  accepted  both  by  Piette  (Bull.  Soc.  OeoL 
de  la  France,  2^^  series,  vol.  xviii.  p.  587)  and  by  Deslongchamps 
for  the  type  of  a  genus,  which,  as  defined  by  them,  has  relations  on 
one  side  with  Turbo,  and  on  the  other  with  Cerithium  and  Purpura. 

"  These  shells,"  says  Deslongchamps  (vol.  cit.  p.  176 ;  p.  24  of 
the  separate  Memoir  on  the  Fossils  of  Montreuil-Bellay),  ''are 
characterized  by  a  thick  test,  a  small  groove  more  or  less  pronounced 
in  front  of  the  mouth,  especially  in  early  life,  by  an  umbilical  slit  of 
very  limited  extent,  by  the  whorls  of  the  spire  presenting  longi- 
tudinal ^  ribs  more  or  less  marked,  cut  by  transverse  strias,  a  strong 
keel,  or  at  least  a  very  pronounced  'ressaut,'  forming  upon  the 
whorl  a  *  meplat '  towards  the  suture,  which  is  deeply  cut :  finally 
a  body- whorl  much  more  developed  than  the  others."  These  features 
are  not  in  every  case  to  be  made  out,  owing  to  the  conditions  of 
preservation. 

In  the  Inferior  Oolite  of  Dundry  *  the  genus  is  fairly  representod, 
and  it  occurs  sparingly  in  the  Great  Oolite,  Combrash  and  Kello- 
way  Bock,  above  which  latter  I  cannot  trace  it  in  Fngland.     The 

*  op.  cit.  p.  140. 

'  To  complicate  matters  still  more,  the  type  species  is  not  enumerated  in  the 
Prodrome  list  as  a  Purpurina,  but  as  a  Turbo,  "muuie  de  fortes  ondulations  longi> 
tudinales,  et  de  nombreuses  cotes  transverses.  France,  Bayeux  (Calvados).'*  As  if 
this  was  not  enough,  we  have  also  (Prod.  i.  p.  299)  Trochus  btliona.  This  is  quit^ 
a  different  thing ;  it  is  referred  to  in  the  text  of  the  T.  J.  p.  284,  and  figured,  pi. 
316 — figs.  1-4 — whilst  Turbo  baUona,  the  future  type  of  the  genus  Furpurina,  is 
omitted  altogether  from  the  text. 

3  Deslongchamps  here  uses  the  word  longitudinal  in  a  sense  which  some  would  call 
transverfte. 

*  Cf.  Tawney,  Dundry  Gasteropoda,  p.  3  of  separate  Memoir. 
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Inferior  Oolite  of  Bradford  Abbas  and  of  Normandy  and  the  Cal- 
lonan  of  Montrenil-Bellay  seem  to  be  the  head-quarters  of  this 
group  of  small  and  well-marked  shells,  of  which  there  are  two 
species  or  varieties  in  the  Yorkshire  beds  now  under  consideration. 

2.— PuBFUBENA  ELABORATA,  Bean,   Morris  and  Lyoett,  1850,  var. 

Bajocensis.     Plate  V.  Fig.  2. 

1850.     Turbo  elaboratus.  Bean  MS. ;  Morris  and  Lycett,  Gt.  Ool.  Moll.,  Part  1, 

p.  116,  pi.  XT.  fig.  2. 
1869.     I^rjnsHna  elahorata,  Bean  ;  Brauns  Mitl.  Jnra,  p.  168. 
1875.     Twrbo  elaborattUy  Bean;  Phillips,  G.  T.,  3rd  edition,  p.  259. 

Bibliography,  etc. — This  specimen  was  described  by  Morris  and 
Lycett  from  Gloucestershire  (op.  cit.  p.  &4,.  pi.  ix.  fig.  27)  as  well  as 
from  Yorkshire  specimens.  The  Oloucestershire  specimen  is  in  an 
excellent  state  of  preservation,  and  may  be  seen  at  the  Museum  in 
Jermyn  Street.  It  comes  from  the  Great  Oolite,  and  may  be  re- 
f^arded  as  a  distinct  variety.  The  Yorkshire  specimen  is  from  the 
Scarborough  Limestone  (zone  3),  and  is  only  indifferently  preserved. 
The  type  is  in  the  Bean  Collection  at  the  British  Museum.  In 
describing  this  latter  specimen  (p.  116)  the  authors  observe  that 
''the  base  is  rounded,  so  that  it  neither  exhibits  the  thickened  lip  of 
Uttorina,  nor  the  basal  produced  form  of  Turbo"  It  is  clear,  there- 
fore, that  the  generic  position  of  T.  elaborattis  must  have  been  re- 
garded as  somewhat  uncertain.  The  shell  described  below,  though 
not  exactly  similar  to  either  of  the  types,  is  sufficiently  near  to  be 
placed  with  them. 

Description. — Specimen   from   the  Dogger  (zone  1)   Peak  (Blue 

Wyke).     Leckenby  Collection. 

Length  (restored) 16  mm. 

Width    12    „ 

Ratio  of  body- whorl  to  entire  shell    62  :  100. 

Spiral  angle  76''. 

Shell  turrited.  Whorls  4-5,  body-whorl  tumid.  Upper  area  of 
whorl  flattened,  and  slightly  sloping  forwards.  Strong  longitudinal 
(i.e.  transverse  according  to  some  authors)  ribbing  decussated  spirally 
80  as  to  produce  nodes  on  the  ribs — a  characteristic  of  this  group 
and  eminently  so  of  this  variety.  The  ribbing  is  not  caiTied  quite 
down  to  the  base  of  the  shell. 

N.B. — In  this  specimen  the  decussation  of  the  ribs  in  the  whorls 
of  the  spire  is  altogether  obliterated,  except  in  the  penultimate,  where 
it  is  slightly  shown. 

Relations  and  Distribution. — This  form,  or  something  very  like  it, 
is  sparingly  but  widely  distributed  throughout  portions  of  the  In- 
ferior Oolite.  At  Bradford  Abbas,  which  may  be  regarded  as  the 
head-quarters  of  this  group  of  univalves  in  the  English  Bajocian,  is 
a  Purpurina,  far  from  common,  which  serves  to  connect  this  variety 
with  P.  bellona,  regarded  as  the  type  of  the  gen  us.  ^  So  that  P.  bajo- 
ceasis  and  P.  bellona  are  not  so  far  removed  as  might  be  imagined. 

*  There  are  several  species  of  Furpuriua  in  the  Inf.  Ool.  of  Bradford  Ahbas.    The 
most  common  ia  a  very  coarsely  marked  shell,  hitherto  unnamed,  as  tax  qa  I  ^lslO'^  . 
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On  the  other  hand,  P.  elahorata  from  the  Great  Oolite  of  Minchin- 
hampton  has  the  longitudinal  costsB  rather  holder  and  wider  apart 

3. — PuBPUBiNA  C0NDEN8ATA,  Heb.  and  Deslongch.  1860.     Plate  V. 

Figs.  Sa,  36. 

"  T\irbo  Hratfu,**  Bean  MS. 
1860.      Purpurina  condenaata,  Heb.  and  Deal.,  Fo68.  de  Montrenil-Bellay,  p.  26, 
pi.  i.  fig.  8  a-d. 

Bibliography,  etc, — The  authors  describe  their  species  as  being 
nearly  related  to  other  Purpurinas  from  the  Callovian  of  Montreuil- 
Bellay,  which  seems  to  be  as  rich  in  this  peculiar  group  as  the 
Inferior  Oolite  of  the  Anglo-Norman  basin. 

Description. — Specimen  from  the  Kelloway  Kock  of  Scarborough 
(zone  5).     Bean  Collection,  Brit.  Mus. 

Only  three  whorls  of  this  specimen  are  left.  The  ornaments  are 
faint,  owing  to  its  being  almost  in  the  condition  of  a  cast  As  far  as 
one  can  judge  under  these  circumstances  the  longitudinal  (t.e.  trans- 
verse  of  some)  ribbing  is  somewhat  similar  in  character  to  the 
Inferior  Oolite  species  (Fig.  2),  and  similarly  decussated.  But  the 
intercostal  spaces  are  wider,  and  the  whole  form  is  on  a  much 
grander  scale.  As  there  is  no  shell  covering  the  columellar  region, 
the  appearance  of  an  umbilicus  is  stronger  than  usual  in  Purpurina, 
where  a  slight  umbilical  slit  alone  is  visible.  For  the  same  reason 
the  slight  anterior  channel,  only  seen  in  well-preserved  specimens, 
is  not  visible  in  this  instance. 

Relations  and  Distribution. — This  form  also  occurs  in  the  Combrash 
of  Scarborough,  and  has  usually  been  quoted  in  the  lists  as  Turbo 
elaboratus.  Decidedly  scarce  in  both  formations.  It  is  obviously 
related  to  some  of  the  varieties  of  P.  condensata,  Heb.  and  DesL, 
distinguished  from  the  other  Purpurinas  by  the  stoutness  of  the  costae, 
and  may  perhaps  be  regarded  as  its  representative  in  the  Callovian  of 
Yorkshire.  Some  might  prefer  to  describe  the  shell  as  a  large  form 
of  P.  elaborata,  from  which  in  all  probability  it  was  descended. 

Genus  Natioa. 

The  species  included  below  in  this  genus  might  in  some  cases  be 
referred  to  Euspira,  Ag.,  in  others  to  lAttorinaf  but  on  the  whole  it 
seems  best  to  describe  them  under  Natica;  the  more  so  that  the 
genus  Euspira  of  Agassiz  has,  it  seems  to  me,  been  applied  in  a 
somewhat  opposite  sense  by  different  writers. 

Besides  the  species  enumerated,  there  are  other  forms,  principally 
from  zones  1,  2  and  3,  which  might  perhaps  be  entitled  to  specific 
distinction — small  ill-preserved  specimens  which  one  hardly  knows 
how  to  treat. 

In  Yorkshire  the  genus  is  fairly  represented  in  the  lower  beds 
of  the  Inferior  Oolite,  though,  with  one  remarkable  exception,  the 
forms  are  small.  In  the  "  Cornbrash  "  and  Oxfordian  generally  the 
forms  are  very  small,  and  not  numerous,  but  in  the  Coral  Rag 
Natica  revives  in  great  force  (see  Corallian  Gasteropoda).' 

*  A  small  Natica  is  described  by  Lycett  from  the  Combrash,  which  I  cannot  find 
in  any  collection.  As  it  may  be  necessary  to  publish  a  supplemental  plate  at  the  end 
of  this  Memoir,  further  reference  is  deferred. 
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4.— Natioa  oinota,  Phillips,  1829.     PI.  V.  Figs.  4  and  6. 

1829  and  1836.    Natioa  eineta,  Phil.  G.  Y.,  tab.  iv.  fig.  9,  p.  101. 
1850.    Natiea  Zeekhamptonensitf  Lycett,  ProG.  Cottes.  Nat.  Club,  toI.  i.  p.  77. 
1854.     y.  eineta,  Phil.  =i^r.  Ltekhamptonemu,  Lye,  Morr.  Cat.  p.  262. 
1876.    N,  emetay  Phil.  G.  Y.  (3rd  ed.),  tab.  iv.  fig.  9,  p.  326. 

Bihliography,  etc — ^This  remarkable  shell  was  first  figured  by 
Phillips,  without  a  description,  as  from  the  Coralline  Oolite  of 
Malton,  along  with  ''  Echinus "  germinans,  and  '*  Glypeus "  semisul- 
catus.  The  distinction  between  the  Coralline  Oolite  of  the  Malton 
district  and  the  Inferior  Oolite  of  the  Castle  Howard  district  (zone 
2)  was  not  niade  known  in  those  early  days,  when,  if  a  man  had 
a  bagful  of  fossils,  collectors  did  not  inquire  too  closely  whence 
they  were  obtained.  But,  as  Phillips  figured  the  fossil  from  the 
Coralline  Oolite,  it  was  naturally  presumed  that  N.  cincta  belonged 
to  that  formation. 

In  1850  the  Rev.  P.  B.  Brodie,  in  a  paper  "  On  the  Geology  of 
the  Neighbourhood  of  Grantham,"*  speaks  of  a  very  large  Natiea 
characteristic  of  the  Inferior  Oolite  of  Denton,  of  which  casts  only 
were  known.  This  was  described  by  Lycett  as  a  new  species  under 
the  title  of  ^.  Leckhamptonenais,  with  the  following  diagnosis  :  "  Spire 
elevated,  whorls  convex,  the  last  enormously  expanded,  upper 
Borface  of  the  whorls  rounded  and  sulcated ;  aperture  very  effuse, 
orbicular.     Only  casts  known.     A  gigantic  species." 

In  1864  Morris,  with  his  usual  sagacity,  perceived  the  close  con- 
nexion between  N,  cincta,  Phil.,  and  N,  Leckhamptonensis,  Lye,  but, 
misled  by  Phillips,  quotes  it  from  the  Coralline  Oolite.  Moreover, 
under  the  then  prevailing  impression  that  the  Denton  Limestone 
was  Great  Oolite  (contrary  to  the  opinion  expressed  by  Brodie),  he 
quotes  it  from  the  "  Great  Oolite  "  of  Lincolnshire,  as  well  as  from 
the  Inferior  Oolite  of  Gloucestershire. 

It  matters  little  whether  the  shell  be  called  cincta  or  LecJchamp- 
tonensis,  the  great  point  is  to  show  that  these  really  are  one  and 
the  same  species.  As  the  notion  of  N,  cincta  being  a  Coralline 
Oolit-e  forin  is  tolerably  well  stereotyped  in  the  public  mind,*  some 
evidence  to  the  contrary  may  be  demanded.  Firstly,  after  many 
years  experience  of  public  and  private  collections  from  the  Yorkshire 
Corallian,  I  never  could  find  any  specimen  which  at  all  corresponded 
with  Phillips's  figure.  Secondly,  it  became  known  to  me  that  casts 
and  squeezed  specimens  of  a  large  tabulate  Natiea  had  been  taken 
from  some  old  workings  in  the  Inferior  Oolite  limestone  near  Castle 
Howard.  Mr.  Reed  of  York,  who  knows  that  district  so  well,  shared 
my  suspicions  that  these  were  bad  specimens  of  Phillips's  N  cincta. 
By  the  kindness  of  Professor  Miall  I  have  been  able  to  examine  the 
type  specimen.  The  matrix  at  once  shows  that  it  belongs  to  the 
Bajocian  and  not  to  the  Corallian  limestones  of  Yorkshire.  It  is  a 
fawn-coloured  sandy  limestone,  which  has  considerable  resemblance 

*  Proc.  Cottes.  Nat.  Club,  vol.  i.  p.  56. 

'  Like  so  many  Phiilipsian  errors,  which  seem  to  have  a  singular  fascination  for 
some  people. 
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to  a  rook  in  Norih  Oxfordshire,  whenoe  magnificent  shells  of 
''  Leekhamptanensis  "  have  been  obtained  lately. 

Description, — Specimen  from  the  Inferior  Oolite  limestone  of  i 
Castle  Howard  district  (zone  2).  Collection  of  the  Leeds  Phi 
sophioal  Society. 

Typb  Spsoimsn  Bbfigubkd. 

Length  (restored) 104  mm. 

Wufih    96    „ 

Ratio  of  body-wborl  to  entire  shell    79:100. 

Spiral  angle,  about  120**. 

Shell  subangular,  nearly  as  wide  as  long,  spire  moderately  elevat 
Whorls  probably  4r-5,  increasing  in  regular  proportion  with  gr 
rapidity,  so  as  to  produce  an  enormous  expansion  of  the  body-wh 
All  the  whorls  are  distingaished  posteriorly  by  a  sloping  tabul 
surface,  which  rises  slightly  to  meet  the  strong  keel  at  the  angle 
the  whorl.  The  keel,  which  in  the  body-whorl  obtains  imme 
proportions,  imparts  an  angular  character  to  all  the  whorls,  wh 
otherwise  are  convex,  almost  tumid,  and  devoid  of  regular  omamc 
except  the  rugose  lines  marking  the  stages  of  growth.  There 
however,  towards  the  middle  of  the  body-whorl,  a  spiral  ba 
developed  in  this  specimen  by  weathering,  which  indicates 
peculiarity  less  strongly  marked  in  specimens  from  other  distri' 
but  which  in  the  case  of  this  particular  shell  has  served  to  fix 
name. 

The  shell  substanoe  of  the  body-whorl,  now  consisting  entirely 
spar,  has  a  thickness  of  5  mm.  The  angular  outline  is  not  re( 
sented  in  the  cast  (see  right-hand  upper  corner  of  Fig.  4),  whicl 
rounded  as  in  the  well-known  casts  of  N,  Leckhamptonensis.  ^ 
aperture  is  extremely  wide.  Tliere  is  hardly  any  umbilicus, 
shell  substance  being  20  mm.  thick  in  this  region.  When  thif 
dissolved  away,  the  corresponding  space  in  the  cast  is  very  w 
so  that  the  connexion  between  the  almost  corkscrew-like  forn 
Denton  and  this  shell  is  not  so  obvious  at  first  sight.  It  servet 
show  the  danger  of  describing  a  fossil  from  a  cast. 

Another  specimen  from  the  Dogger  (zone  1),  Bean  Coll.  B. 

(Plate  V.  Fig.  5.) 

Length 23  millimetres. 

Width   22-6      „ 

Batio  of  body- whorl  to  entire  shell 72  :  100. 

Spiral  angle 1 28". 

The  dimensions  are  very  different,  but  the  proportions  and  gen< 
shape  are  sufficiently  near  to  induce  me  to  regard  this  as  in 
probability  a  small  specimen  of  N.  cincta. 

Belations  and  Distribution, — It  must  be  borne  in  mind  that  the  t 
specimen  is,  as  regards  Yorkshire,  unique  both  in  size  and  condit 
Specimens  are  very  scarce,  and  none  have,  as  far  as  I  know,  b 
procured  from  the  Mount  Pleasant  Quarry,  the  principal  Iocs 
for  Inferior  Oolite  fossils.  Whether  we  regard  the  fact  froi 
stratigraphical  or  a  palsBontological  point  of  view,  the  appearano 
this  singular  and  enormous  shell,  on  the  same  horizon  througl 
England,  north  of  the  Avon,  is  almost  a  portent.    There  are  m; 


W:  H.  Sudleston—On  the  Yorkshire  Oolites.  199 

indications  whioh  serve  to  conneot  the  2nd  zone  of  the  Yorkshire 
Inferior  Oolite  with  the  Lincolnshire  Limestone,  and  this  again 
would  seem  to  he  somewhere  about  the  horizon  of  the  Oolite  Marl 
of  the  Cotteswolds,  where  also  N,  cincia  is  abundant  and  of  good 
size.  Instead  of  a  fossil,  which  was  supposed  {vid,  supra)  to  range 
from  L  0.  through  G.  O.  into  0.  O.,  the  larger  forms  are  confined  to 
one  limited  horizon  in  the  I.  O.  throughout  England  north  of  the 
Avon ;  the  finest  specimens,  with  the  shell  on,  coming  from  Combe 
Hill  near  Deddington  (North  Oxfordshire),  where  it  occurs  along 
with  Am,  MurchisofUB,  TerebrcUula  fimbria  and  Spiropora  straminea 
(the  original  Millep'orey  There  are  no  signs  of  it  in  the  Anglo- 
Norman  basin  that  have  come  under  my  notice,  nor  anywhere  on  the 
Continent 

6.— Natica  adducta,  Phillips,  1829.     Plate  V.  Fig.  6. 

1829,  1836.     Natiea  addueta,  Phil.,  G.  Y.  pi.  ix.  fig.  30. 

1850.    Ifatiea  adducta,  Phil.,  Morris  and  Lyoett,  6t.  Ool.  Moll.  p.  112,  pi.  xr.  figs. 

17, 17«. 
1852    ?  K,  adducta,  PhU.,  D'Orb.  T.  J.  p.  189,  pi.  289,  figs.  4  and  5. 

Bibliography,  etc, — The  history  of  this  rather  common  species  has 
been  slightly  complicated,  from  the  fact  that  Phillips  gives  two  very 
different  figures  of  "  Natica  adducta,'*  viz.  pi.  ix.  fig.  30,  and  pi.  xi. 
fig.  35.  The  former  is  from  the  Scarborough  Limestone  (zone  3), 
the  latter  from  the  Dogger  (zone  1).  They  look  very  different,  but 
since  Morris  and  Lycett  refigure  the  specimen  from  the  Scarborough 
Limestone  as  the  type,  it  may  be  as  well  to  regard  it  in  that  light 
Tliis  form  is  not  rare  in  all  three  zones  of  the  Inferior  Oolite  of 
Yorkshire.  Although  D'Orbigny  refers  to  Phillips's  pi.  xi.  fig.  35, 
his  own  figures  are  more  like  the  form  one  usually  finds,  and  which 
is  figured  in  the  accompanying  Plate. 

Description, — Specimen  from  the  Dogger  (zone  1)  Peak   (Blue 

Wyke).     Collection  of  the  Scarborough  Phil.  Soc. 

Jjcngth 23  mm. 

Width  19    „ 

Eatio  of  body- whorl  to  entire  shell   ....  70  :  100. 

Spiral  angle 92". 

Shell  somewhat  longer  than  wide ;  oval,  not  umbilicated.  This 
specimen,  of  which  the  spire  is  unusually  well  and  sharply  preserved, 
has  six  whorls,  which  increase  moderately  and  regularly  with  a 
Butural  angle  of  very  slight  inclination.  Upper  part  of  each  whorl 
flatted,  and  very  slightly  channelled ;  sides  of  the  whorl  steep  and 
very  slightly  convex.  The  general  contour  regular  and  slightly 
angular.     Lines  of  growth  broad  and  fairly  preserved.     No  punct« 

visible. 

Relations  and  Distribution, — The  very  singular  manner  in  which 
many  of  these  Naticas  run  into  each  other,  when  one  looks  over  a 
large  series,  leads  one  to  suppose  that  more  names  may  have  been 
given  than  the  necessity  of  the  case  requires.  This  appears  to  be  a 
very  average  form,  and  with  very  slight  differences  has  a  wide 
range ;  possibly,  as  far  as  lists  go,  its  presence  may  be  masked  under 

^  Judd,  Geology  of  Butland,  p.  2d. 
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some  synonym.  It  reaches  a  fair  size  in  the  Soarboroagh  Limestone, 
where  the  specimens  are  less  sharply  preserved,  and  present  a  more 
softened  outline  than  those  from  the  Dogger.    No  umbilicus. 

6. — Natioa  adduota,  Phil.,  var.  oanina.     Plate  V.  Fig.  7. 

1829.     fNatiea  addueta,  PhU.,  G.  Y.  pi.  xi.  fig.  86. 

Description, — Specimen  from  the  Dogger   (zone  1)  Peak  (Blue 

Wyke).     Leckenby  Collection. 

Lens:th  20  mm. 

Wifih    16    „ 

Batio  of  body-whorl  to  entire  shell    70  :  100. 

Spiral  angle 87*. 

Proportions  nearly  the  same  as  Fig.  6 ;  but  with  a  slightly  smaller 
spiral  angle.  The  flatted  portion  of  the  whorls  is  narrower,  and  in 
this  specimen  at  least  the  channelling  is  less  marked.  Moreover,  in 
the  body- whorl  there  is  a  tendency  to  the  development  of  a  median 
keel,  which  is  in  marked  contrast  to  the  smooth  outline  of  the  body- 
whorl  in  Fig.  6. 

The  absence  of  an  umbilicus  seems  to  distinguish  this  from  N, 
Lorieri,  D'Orb.  (T.  J.  p.  190,  pi.  289,  figs.  6,  7). 

7. — Natioa  pboxima,  sp.n.    PI.  V.  Figs.  8a,  86. 

Deseripiion, — Specimen  from  the  Dogger  (zone  1)  Peak  (Blue 

Wyke).     Leckenby  Collection. 

Length 25  mHUmHreB. 

Width  18-6     „ 

Eatio  of  hody-whorl  to  entire  shell    70  :  100. 

Spiral  angle 76®. 

Shell  oval,  subumbilicate.  Whorls  six,  regular,  smooth,  and  slightly 
tumid.  The  flat  area  of  the  upper  part  of  the  whorl  is  narrow,  and 
the  border  bevilled  oS,  thus  reducing  the  tabular  area,  so  character- 
istic of  the  preceding  species,  to  a  minimum.  Aperture  oval,  and 
rather  compressed.  There  is  a  well-marked  umbilical  groove  with 
a  very  considerable  callus  on  the  inner  lip. 

Fig.  9.  Specimen  from  the  Dogger.  My  Collection.  This  is  too 
much  compressed  for  accurate  measui'ement  The  outline  and  pro- 
portions are  nearly  the  same  as  in  Fig.  8.  The  umbilical  groove 
and  patulous  inner  lip  are  strongly  shown.  As  N.  proxima  is  the 
only  species  from  these  beds  showing  any  considerable  trace  of 
callus  or  of  umbilicus,  I  venture  to  class  this  singular  specimen  pro- 
visionally with  that  species. 

The  peculiar  state  of  fossil ization  has  developed  the  lines  of 
growth  to  such  an  extent  as  to  impart  quite  a  sculpture  to  the 
surface  of  the  whorls.  The  age  of  the  shell  may  have  favoured  this, 
but  the  feature  is,  in  the  main,  a  subsequent  development,  and  has 
no  structural  significance. 

Relations  and  Distrihuiion. — This  shell,  which  is  intermediate  in 
its  spiral  angle  between  Natica  adducta  and  NaHca  punctata 
(Bajocensis),  presently  to  be  described,  has  also  affinities  with  Natica 
caninGy  in  a  very  slight  tendency  to  a  median  keel  in  the  body-whorl, 
whilst  in  the  strongly  patulous  inner  lip  and  marked  umbilical 


ir.  IL  Ibnllrs(on—Ou  (hr   Yorkshire  ChlifrS.  201 

groove  it  differs  entirely  from  all  other  forms  of  Natica  occurring 
in  the  Inferior  Oolite  of  Yorkshire,  where  it  probably  represents 
D'Orbigny's  N.  Pietaviensts  (Terr.  Jurass.  p.  191,  pi.  289,  figs.  8-10). 
Indeed  the  Dogger  shell  is  almost  intermediate  between  N.  Pietavi* 
emia  and  N,  Lorieri  {op,  cit  p.  190),  both  of  which  species  are 
described  as  being  umbiUoated  and  patulous. 

8.— Natica  punotuba.  Bean,  1839.   PI.  V.  Figs.  10a,  106, 11  and  12. 

1839.  Littorina  punetura^  Bean,  Magazine  of  Natural  History,  vol.  iii.  p.  62,  fig.  23. 
1850.     Natiea puneturaj  Bean,  Mor.  and  Lye,  6t.  Ool.  Moll.  p.  112,  pi.  xt.  figs.  18, 

18a. 
1862.     ?  Natica  Bajoeensit,  D'Orb.,  T.  J.  p.  189,  pi.  289,  figs.  1,  3. 

Bibliography,  etc. — The  following  is  the  original  notice  :   "  Shell 

turbinated,  finely  striated  longitudinally  and  transversely 

Whorls  (6)  rounded  and  well  divided,  the  body-whorl  occupying 
one-half  the  length  of  the  shelL  Aperture  elliptical,  pillar  lip  thick 
and  a  little  flattened,  outer  lip  very  thin:  length  nearly  f  inch, 
breadth  ^  inch.  The  only  specimen  procured  from  the  Combrash ; 
but  in  the  Inferior  Oolite  at  Peak  Hill  it  is  not  uncommon." 

The  type  of  L.  punctura  therefore  must  be  sought  in  the  Combrash 
of  Scarborough.  Morris  and  Lycett  figure  a  specimen  from  the 
Scarborough  Limestone  ^  (zone  3).  Some  persons  might  be  disposed 
to  challenge  Bean's  identification  of  the  Combrash  and  Dogger 
fossils  as  belonging  to  the  same  species. 

Description,  var.  BajocensiSy  Figs.  10a,  106. — Specimen  from  the 

Dogger  (zone  1)  Peak  (Blue  Wyke).     Leckenby  Collection. 

Length    26 '6  mm. 

Width 16-6    „ 

Batio  of  body-whorl  to  entire  shell 60  :  100. 

Spiral  angle    66°. 

Shell  oval-elongate,  not  umbilicate.  Whorls  6  or  7,  increasing 
regularly;  smooth,  turbinated,  and  rounded  off  near  the  suture. 
Sutural  channel  distinct,  but  narrow.  Aperture  subelliptical,  and 
contracted  posteally  :  inner  lip  straight.  Not  the  least  trace  of  an 
umbilicus. 

The  surface  of  the  whorls  has  a  sort  of  punctate  structure  (see 
Pig.  10),  being  the  result  of  decussation  of  the  fine  lines  of  growth 
with  equally  fine  spiral  lines,  producing  a  mesh-like  appearance. 
N.B.  The  specimen  is  in  the  condition  usual  to  fossils  from  this  bed 
(the  Nerincea-hed),  viz.  shell  substance  replaced  by  spathic  iron, 
with  skin  and  lining  of  brown  oxide. 

Type  form  (Fig.  11). — Specimen  from  the  Combrash  (zone  4), 
Scarborough.     Leckenby  Collection. 

There  is  no  material  difference  in  the  proportions  of  this  specimen 
(selected  for  the  sake  of  its  condition  rather  than  for  its  size)  and 
that  from  the  Dogger.  Owing  to  the  difference  in  the  replacing 
Bubstance, — the  usual  waxy-looking  calcite  of  the  Combrash, — the 
punctate  structure  assumes  a  different  aspect.  This  probably  was 
the  aspect  which  presented  itself  to  Bean. 

>  N.B.  Misled  by  Phillips's  mistake,  these  authors  refer  to  it  as  '«  Bath  OolitA." 
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(Fig.  12).     Specimen  from  the  Eelloway  Book  (seme  S),  Scar- 
borough.    Leckenby  Collection. 

In  this  caae  the  proportions  are  practically  the  same  as  in  the 
previous  oases,  but  the  state  of  preservation  is  one  of  unusual  excel- 
lence. The  specimen  has  been  obtained  from  the  caloiferous  grit, 
or  "  chert-bed."  *  It  displays  an  ornamentation  consisting  of  flat 
ribands  divided  by  narrow  and  shallow  sulci  (see  enlargement). 
This  is  probably  a  faithful  picture  of  the  original  surface  of  the 
shell,  such  as  may  be  seen  in  so  many  existing  NaiiecLS.  Another 
stage  of  fossilization  would  probably  reveal  that  sort  of  decussation 
of  tliese  lines  of  growth  with  spiral  lines  which  has  so  large  a  share 
in  producing  punctate  structure.  The  eye  of  faith,  aided  by  a  power- 
ful magnifier,  might  perchance  see  it  here,  but  neither  the  artist  nor 
myself  have  been  able  to  do  so.  Yet  it  may  exist  and  only  requires 
a  developer  to  bring  out  the  picture. 

Relations  and  Distribution, — Bean,  as  we  know,  had  no  doubt  about 
the  fossils  from  the  Dogger  and  the  Cornbrash  being  practically  the 
same  species.  This  form  is  perhaps  the  commonest  species  referred 
to  Natica  in  the  Dogger,  and  is  far  from  rare  in  the  2nd  and  3rd 
zones,  though  there  the  punctate  character  is  not  well  shown  owing 
to  the  status  of  the  fossils.  A  species  so  plentiful  and  with  such  a 
large  vertical  range  must  needs  be  tolerably  abundant  in  the  Bajocian 
beds  of  other  regions.  Partly  for  this  reason  I  cannot  but  thiuk 
that  N,  Bajocensis,  so  abundant  at  Burton  Bradstock  and  elsewhere, 
is  the  representative,  at  any  rate  of  the  variety  of  N.  punctura,  so 
common  in  the  three  zones  of  the  Inferior  Oolite  of  Yorkshire.  The 
general  contour  of  the  shell  and  of  the  whorls  is  the  same.  More- 
over, the  proportionSy  which  I  take  to  be  by  far  the  most  important 
element  in  the  diagnosis  of  these  unornamented  shells,  correspond 
almost  exactly  with  those  given  by  D'Orbigny  (op.  cit.  p.  189). 
There  remains  the  difficulty  of  the  punctate  structure.  The  typical 
N,  Bajocensis  is  not  described  by  the  author  as  punctate,  whereas  the 
Dogger  shells  always  are,  though  not  as  a  rule  from  the  two  other 
zones  of  the  Inferior  Oolite  of  Yorkshire.  I  believe  this  punctate 
condition  to  be  very  much  a  matter  of  status,  being  developed  under 
certain  circumstances  and  in  certain  kinds  of  matrix,  and  that  its 
presence  or  absence  is  not  always  to  be  regarded  as  a  crucial  test  of 
the  relations  of  a  fossil. 

Should  it  be  deemed  desirable  to  separate  the  Inferior  Oolite  form 
from  that  of  the  "  Cornbrash  "  and  "  Kelloway,"  the  former  would 
become  N,  Bajocensis,  D*Orb.,  the  latter  remaining  as  before. 

9. — Natioa  Calypso,  D*Orbiguy,  var.  tenuis.     Plate  V.  Fig.  13. 

1852.     Natiea  Calypso,  D'Orb.,  T.  J.  p.  202,  pi.  222,  figs.  9,  10. 

Description, — Specimen  from  the  Lower  Calcareous  Grit  (zone  7), 
Cay  ton  Bay.     Leckenby  Collection. 

liengtb    1 5*5  mm. 

Width     8-6    „ 

Ratio  of  body- whorl  to  entire  shell 61 :  100. 

Spiral  angle   60'. 

^  See  Introduction. 


JF.  JEL.  Sudleston—On  the  Yorhihire  Ooliies.  203 

This  is  almost  in  the  same  state  of  preservation  as  Fig.  12,  the 
matrix  and  replacements  being  very  similar.  The  lines  of  growth 
are  exquisitely  preserved »  but  no  punctaB  are  visible. 

Belaiions  and  Deacrtption. —This  shell  has  the  turbinated  whorls 
and  other  indications  attributed  to  N.  punctura  from  the  Lower 
beds.  There  is  one  important  difference — the  spiral  angle  is  15° 
less.  The  ''  species  "  seems  to  be  passing  into  something  else.  It 
should  be  noted  that  Gasteropoda  of  this  horizon  are  usually  small, 
whilst  the  more  genuine  Naiicas  are  absent  throughout  the  Lower 
Calcareous  Grit  of  Yorkshire.  This  form  comes  very  near  to  Natica 
Caltfpso,  D*Orb.,  common  in  the  Oxfordian  of  the  Ardennes,  both  in 
size  and  contour,  but  the  French  shell  is  less  slender. 

With  this  elongated  form  the  species  referred  to  Natica  terminate, 
and  surely  it  is  stretching  the  limits  of  the  genus  to  the  utmost  when 
Natica  cincta  (Fig.  4)  and  N.  tenuis  (Fig.  13)  are  both  included 
within  its  ample  folds. 

Cloughtonia,  gen.  nov. 

Shell  short,  conical,  and  solid,  with  a  widish  base,  shell  substance 
thick.  Whorls  about  five,  flat  and  angular.  Body- whorl  more  or 
less  bicarinated  with  slight  depression  of  the  intervening  space. 
Surface  smooth  or  ornamented  with  rugose  lines  of  growth  (depen- 
dent partly  perhaps  on  the  state  of  preservation).  Aperture  ovate 
to  ovate-oblong,  rounded  anteriorly.  Pillar  nearly  straight  and  with 
little  or  no  callus. 

This  genus  has  been  constituted  in  order  to  receive  a  peculiar  and 
limited  group  of  shells  of  which  Cloughtonia  cincta^  presently  to  be 
described,  may  be  taken  as  the  type.  It  appears  to  be  intermediate 
between  the  Naticaa  and  so-called  ChemnilziaSj  some  species  being^ 
more  nearly  allied  to  the  latter,  some  to  the  former ;  it  occurs  where 
the  conditions  may  be  regarded  as  peculiar,  and  to  a  certain  extent 
"estuarine."  After  disappearing  from  the  Jurassic  rocks  of  this 
country  above  the  Inferior  Oolite,  the  genus  reappears  in  the  Port- 
land ian  of  Bucks  and  the  Vale  of  W ardour,  where  two  species  were 
described  by  me  provisionally  under  **  Pseudomelania  "  (see  Gastero- 
poda of  the  Portland  Rocks,  Geol.  Mao.  Sept.  1881,  p.  389). 

Named  from  Cloughton  Wyke,  a  bay  between  Scarborough  and 
Peak,  where  the  type  species  was  first  discovered,  and  where  it  is 
not  uncommon  in  zones  2  and  3. 

10. — Cloughtonia  cinota,  Phillips,  1829.     Plate  V.  Fig.  14. 


1829,  and  1835.     Phasianclla  eincfa,  Thil.,  G.  Y.  _pl.  ix.  fig.  29,  p.  123. 

Pal.  Strat.  p.  ! 

1830.  Hatica  {Etapira)?  eincta  Phil.,  Morris  and  Lycett,  Gt.  Ool.  Moll.  p.  113, 


1847.     Phasianella  cmeta,  Phil.,  D'Orb.  Prod,  do  Pal.  Strat.  p.  267. 


pi.  XV.  fig.  20. 
1875.     PhaMianella  cincta,  Phil.,  G.  Y.  3rd  ed.  p.  269. 

Bibliography,  etc. — Quoted  in  Phillips's  Ist  and  2nd  editions  from 

"the  Gray  Limestone  of  Cloughton  and  Brandsby";   in  the  third 

edition  from  the  "G.  0.'*^  of  the  same  localities.     The  specimen 

>  As  this  **  G.  0.,*'  80  often  used  in  the  third  edition,  is  very  apt  to  impose  upon 
the  unwary,  it  ia  aa  well  to  state  that  it  does  not  mean  Great  Oolite ,  but  Orey  Oolite  ! 
From  bad  to  worse  one  might  say,  as  the  Grey  Limestone  (zone  3)  is  very  rarely 
oolitic. 
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figured  by  Morris  and  Lycett  is  Phillips's  originaL     Tlieir  figure  is 

a  faithful  portrait  of  a  large  and  much  defoimed  specimen  now  in 

the  collection  of  the  Yorkshire  Philosophical  Society. 

Description, — Specimen  from  the  Scarborough  Limestone  (zone  8). 

Leckenby  Collection. 

Length  29  mm. 

Width    18    „ 

Ratio  of  body-whorl  to  entire  shell    69  :  100. 

Spiral  angle 66*. 

Shell  short,  conical,  not  umbilicated :  spire  with  a  sharp  apex. 
Whorls  5  or  6,  angular  and  carinated  in  the  neighbourhood  of  the 
suture,  which  is  channelled.  Body-whorl  strongly  bicarinated,  the 
keel  near  the  suture  being  obtuse,  the  median  keel  sharp  and  pro- 
minent ;  intervening  area  depressed.  No  impression  of  the  median 
keel  upon  the  internal  oast  Aperture  oval,  subject  to  a  slight 
angularity  of  the  outer  lip.  No  umbilical  groove,  and  but  little 
trace  of  callus. 

Belationa  and  Distribution, — This  very  cnriou^  species  seems  to 
stand  by  itself  in  the  Yorkshire  beds,  and  its  generic  position  has 
been  variously  defined.  Natica,  Euspira,  Phasianellaj  all  have  served 
in  turn.  It  represents  on  this  horizon  a  group  of  forms  to  which 
I  have  referred  in  constituting  the  genus.  Regarding  the  whole 
group  as  Natico-chemnitzoid,  this  species  has  more  affinities  with  the 
latter  than  with  the  former.  The  character  of  the  aperture  favours 
this  view,  but  still  more  the  bicarinated  whorl  and  median  de- 
pression.    Compare  also  Chem.  abbreviata,  Bom. 

Cloughtonia  cincta  is  pretty  common  in  all  three  zones  of  the 
Inferior  Oolite  of  the  Yorkshire  coast,  and  has  been  found  on  the 
same  horizon  in  the  Castle  Howard  district  The  largest  specimens 
known  to  me  are  from  the  Dogger.  It  occurs  also  in  the  Lincoln- 
shire Limestone  at  Ponton,  but  beyond  that  I  have  not  traced  it 
at  present,  though  it  might  be  looked  for  in  parts  of  North  Oxford- 
shire, as  at  Combe  Hill. 

EXPLANATION    OF   PLATE   V. 

Fio.    1.  Fusu9?«p,    Dogger,  Bine  Wyke.    My  Collection,    afrootview;  &  back 

view. 
,,      2.  Furpurina  elaborata.  Bean,  var.  Bajocensis,    Dogger,  Bine  Wyke.    Leek- 

enby  Collection. 
4,      3.  Furpurina  eondensatOy  Heb.  and   Deal.     Eelloway  Rock,  Scarborough. 

Bean  Collection,  British  Museum,    a  front  view ;  b  back  view. 
,,      4.  Natica  eincta,  Phillips.     Typb  Eefiouked.   Whitwell  Oolite,  near  Castle 

Howard.    Collection  of  the  Leeds  Philosophical  and  Literary 

Society. 
,,      5.         Ibid.        Small  specimen.     Dogger,  Blue  Wyke.     Bean  Collection, 

British  Museum. 
„      6.  Natica  adducta^  Phillips.     Dogger,  Blue  Wyke.    Collection  of  the  Scar- 
borough Philosophical  Society. 
,,      7.  Ibid,  eanifMy  var.     Dogger,  Blue  "Wyke.    Leckenby  Collection. 
,,      8.  Natica  proxima,  sp.n.    Dogger,   Blue  Wyke.     Leckenby  Collection,    a 

front  view ;   b  back  view. 
,,      9.  Natica  proxima?    Aged  specimen,  with  lines  of  growth  strongly  brought 

out.    Dogger,  Blue  Wyke.    My  Collection. 
„    10.  Natica  punctura,  Bean—?  N,  BaJocensiSy  D*Orb.     Dog^,  Blue  Wyke. 

Leckenby  Collection,    a  front  view ;  b  back  view* 
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Fig.  U.  Ibid,  Typical  form.     Combrash,  Scarborough.     Leckenbj 

Collection. 
),    12.  Ibid.  Eelloway  Rock,  Scarborough.     Leckenby  Collection. 

„    13.  Natica   Calypao,   D*Orb.,   rar.   tenuis.     Lower  Calcareous  Grit,  Cayton 

Bay.    Leckenby  Collection. 
,f    14.  Cloughtonia  einetUy  Phillips.     Scarborough  Limestone,  Cloughton  Wyke. 

Leckenby  Collection. 

(To  be  continued,) 
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II. — The  Wings  op  Ptebodaotyles.* 

By  Professor    0.    C.    Marsh,    M.A.,   F.GS.; 
of  Yale  College,  Newhaven,  Conn.,  U.S.A. 

THE  first  Fterosaurians  discovered  were  recognized  as  flyin 
animals,  but  were  thought  to  be  bats.  As  soon  as  their  general 
stmcture  became  known,  they  were  classed  with  the  Reptiles,  al- 
though it  was  considered  possible  that  their  power  of  flight  was  due 
to  feathers.  Later,  their  bones  were  mistaken  for  those  of  Birds 
by  various  experienced  anatomists,  and  others  regarded  them  as 
sharing  important  characters  with  that  group.  Some  anatomists, 
however,  believed  that  the  fore  limbs  of  Pterodactyles  were  used  for 
swimming,  rather  than  for  flight,  and  this  view  has  found  supporters 
within  the  present  decade.  A  single  fortunate  discovery,  made  a  few 
years  since,  has  done  much  to  settle  the  question  as  to  the  wings  of 
Pterodactyles,  as  well  as  their  mode  of  flight,  and  it  is  the  aim  of 
the  present  article  to  place  on  record  some  of  the  more  important 
facts  thus  brought  to  light. 

The  specimen  to  be  described  was  found  in  1873,  near  Eichstadt, 
Bavaria,  in  the  same  lithographic  slates  that  have  yielded  Archao- 
pteryXf  Compsognaihus,  and  so  many  other  Jurassic  fossils  known  to 
fame.  This  specimen,  which  represents  a  new  species  of  the  genus 
BhamphorhynchuSf  is  in  a  remarkable  state  of  preservation.  The 
bones  of  the  skeleton  are  nearly  all  in  position,  and  those  of  both 
wings  show  very  perfect  impressions  of  volant  membranes  still  at- 
tached to  them.  Moreover,  the  extremity  of  the  long  tail  supported 
a  separate  vertical  membrane,  which  was  evidently  used  as  a  rudder 
in  flight.  These  peculiar  features  are  well  shown  in  Fig.  1,  which 
represents  the  fossil  one-fourth  the  natural  size. 

The  discovery  of  this  unique  specimen  naturally  attracted  much 
attention  at  the  time,  and  many  efiForts  were  made  to  secure  it  for 
European  museums.  The  writer  was  then  at  work  on  the  toothless 
Pterodactyles  which  he  had  recently  found  in  the  Cretaceous  of 
Kansas,  and  believing  the  present  specimen  important  for  his  in- 
vestigations, sent  a  message  by  cable  to  a  friend  in  Germany,  and 
purchased  it  for  the  museum  of  Yale  College,  where  it  is  now 
deposited. 

The  Wing  Membranes. 

A  careful  examination  of  this  fossil  shows  that  the  patagium  of 
the  wings  was  a  thin   smooth  membrane,  very  similar  to  that  of 

*  Communicated  by  the  author.  This  article  appeared  in  Silliman's  Ameiican 
Journal  of  Science,  for  April,  1882  (vol.  xxiii.  No.  106). 
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modem  bata.  Ai  the  wings  wen  partially  folded  at  the  time  of 
entombment,  the  volant  membranes  were  uatnittlly  oontraoted  into 
folds,  and  the  eurfaoe  was  also  marked  by  delicate  strin.  At  firat 
sight,  these  striEe  might  readily  be  mistaken  for  a  thin  coating  of 
hair,  bat  on  oloser  investigation  they  are  seen  to  be  minute  wrinkles 
in  the  surface  of  the  membranes,  the  under  side  of  which  is  exposed. 
The  wing  membranes  appear  to  have  been  attached  in  front  along 
the  entire  length  of  the  arm,  and  out  to  the  end  of  the  elongated 
wing  finger.  From  this  point  the  onter  margin  curved  inward  and 
backward,  to  the  hind  fooL 
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l%e  membrane  eridently  extended  from  the  hind  foot  to  near  the 
hue  of  the  tail,  bnt  the  exact  outline  of  this  portion  oasnot  at  pre- 
tent  be  determined.  It  was  probably  not  far  from  the  poaitioa 
aangned  it  iu  the  reitoiation  attempted  in  the  ont  given  below, 
Figure  S.  The  attachment  of  the  inner  maigin  of  the  membrane  to 
the  body  wu  donbtleai  nmilar  to  that  seen  in  bata  and  flying 
tqnirrela.  ' 

In  froDt  of  the  arm,  there  waa  likewise  a  fold  of  the  skin  extend- 
iDK  probably  from  near  the  shoulder  to  the  wrist,  aa  indioated  itt 
Figure  8.  This  fold  inclosed  a  peculiar  bone  (pteroid),  the  nature 
and  function  of  which  will  be  disoussed  below  in  oonsidering  the 
osteology  of  this  part  of  the  skeleton. 

The  Caudal  Mkubraitk. 

The  greater  portion  of  the  tail  of  this  specimen  was  free,  and 
without  volant  attaohmente.  The  distal  extremity,  however,  in- 
oluding  the  last  sixteen  short  vertebne,  supported  a  vertical  mem- 
brane, which  is  shown  in  Figure  I  (a),  and  also  in  Figure  2.  Thia 
peculiar  caudal  appendage  was  of  somewhat  greater  thiuknesa  than 
the  patagial  membrane  of  the  wings.  It  was  rhomboid  in  outline, 
and  its  npper  and  lower  portions  were  slightly  unequal  in  form  and 
siw.  The  upper  part  was  kept  in  position  by  a  series  of  spines, 
sent  off  one  from  near  the  middle  of  each  vertebral  centrum,  and 
thus  clearly  representing  neural  spines.  The  lower  half  also  was 
strengthened  by  similar  spines,  which  descended  from  near  the 
junction  of  the  vertebrte,  and  hence  were  homologous  with  chevron 
bones.  These  spines  were  cartilaginous,  and  flexible,  but  eufficieutly 
£nu  in  texture  to  keep  the  membrane  in  an  upright  position. 


Thk  So  a  POL  ab  Akoh. 
Tbe  osteology  of  the  scnpular  arch  and  wings  of  Pterodaotyles 
involves  many  interesting  pointa,  some  of  which  have  been  discussed 
b;  anatomists  from  Cuvier  to  those  of  the  present  day,  but  with  little 
agreement  of  opinion.  The  cause  of  this  diversity  of  opinion  is 
Mainly  due  to  the  fact  that  the  specimens  examined  have  been  either 
too  small  or  too  imperfect  for  accurate  determination  of  their  more 
obicure  parts.  Fortunately,  the  museum  of  Yale  College  has  among 
its  specimens  of  Cretaceous  Pterodactyles  (some  600  in  all),  quite  a 
number  with  the  scapular  arch  and  wing-bones  nearly  perfect,  and 
in  position.      These   epecimens  were   nearly  all   of  gigantic  size. 
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having  in  life  a  spread  of  wings  from  fifteen  to  twenty  feet.  They 
were  also  destitute  of  teeth ,  and  belong  to  the  order  Pteranodoniia. 
Probably  their  great  size  induoed  speoial  modifications  of  the 
scapular  arch,  which  is  here  far  more  complicated  than  in  any  other 
members  of  the  group. 

In  the  Jurassic  Pterodactyles,  the  scapula  is  usually  bird-like  in 
general  form  and  proportions,  the  upper  or  distal  extremity  being 
free  and  compressed.  This  is  the  case  in  the  specimen  here  described. 
The  scapula  and  coracoid  may  be  ooossified,  as  in  the  present  fossil, 
or  remain  more  or  less  separate.  No  clavicles  have  yet  been  found. 
The  sternum  here  shows  no  distinct  facets  for  sternal  ribs. 

In  the  Cretaceous  genus  Pteranodon,  and  probably  also  in  some  of 
the  other  gigantic  forms  from  deposits  of  this  age,  the  scapula  and 
coracoid  were  not  only  solidly  united,  but  the  pectoral  arch  was 
further  strengthened,  (1)  by  the  ankylosis  of  several  vertebrss,  and 
(2)  by  the  robust  scapulad  articulating  on  opposite  sides  of  the 
common  neural  spine  of  these  vertebrsB.  This  is  virtually  a  repeti- 
tion of  the  pelvic  arch,  on  a  much  larger  scale.  The  sternum  also 
is  massive,  and  shows  well  marked  facets  for  the  sternal  ribs.  This 
peculiar  method  of  strengthening  the  scapular  arch  has  not  been 
observed  in  any  other  vertebrates. 

The  Wing  Bones. 

The  three  principal  bones  of  the  arm  (humerus,  radius,  and  ulna) 
present  such  similar  characters  in  all  Pterodactyles  that  they  need 
not  be  considered  here  in  detail.  It  is  important,  however,  to  bear 
in  mind  that  the  ulna,  although  but  little  larger  than  the  radius, 
contributes  the  greater  share  of  direct  support  to  the  enormously 
developed  wing  finger,  which  is  on  the  outer  or  ulnar  side  of  the 
hand.  As  this  position  has  been  a  question  of  discussion  among 
anatomists,  it  may  be  well  to  state,  that  the  writer  bases  his  opinion 
upon  this  point  on  the  results  of  an  examination  of  the  best  pre- 
served specimens  in  European  museums,  as  well  as  nearly  all  known 
in  this  country.  The  latter  specimens  settle  the  question  beyond 
doubt. 

The  views  expressed  by  anatomists  in  regard  to  the  bones  of  the 
wrist  and  hand  of  Pterodactyles  are  almost  as  various  as  the 
specimens  investigated.  Some  of  the  restorations  of  these  parts  that 
have  been  published  from  time  to  time,  and  repeated  in  text  books, 
have  done  much  to  propagate  errors,  and  little  to  clear  away  the 
serious  difficulties  in  the  case.  The  main  facts  in  regard  to  the 
carpus  now  known  may  be  briefly  stated  as  follows : 

In  all  Pterodactyles,  there  are  two  principal  carpal  bones,  placed 
one  above  the  other.  These  sometimes  show  indications  of  being 
composite,  but  their  constituent  parts  have  not  been  satisfactorily 
determined.  On  the  inner  side  of  the  wrist,  articulating  with  the 
distal  carpal,  there  is  a  smaller  bone  which  has  been  called  the 
*'  lateral  carpal.''  In  addition  to  these  three  bones,  some  American 
Pterodactyles  have  on  the  inner  side  three  ossicles,  which  may  be 
sesamoid  bones.     Two  of  these  have  been  seen  in  a  few  Jurassic 
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forms  in  Europe.  Beside  these,  there  is  often  found  on  the  radial 
side  of  the  wrist,  and  sometimes  attached  to  it,  a  long,  slender 
styloid  bone,  having  a  rounded  articular  head  on  its  carpal  extremity. 
This  is  the  so-called  "  pteroid  bone,"  to  which  allusion  has  already 
been  made  above.  This  bone  and  the  '^ lateral  carpal"  which 
supports  it  are  usually  placed  by  anatomists  on  the  outer  or  ulnar 
side,  bat  American  specimens  prove  conclusively  that  they  belong 
on  the  radial  side. 

The  nature  of  the  so-called  pteroid  bone  has  been  much  discussed, 
bat  without  a  satisfactory  conclusion.  After  a  careful  study  of  many 
specimens,  the  writer  is  disposed  to  regard  it,  not  as  an  ossified 
tendon,  but  as  a  part  of  the  first  digit,  or  thumb,  which  is  often  con- 
sidered wanting  in  Pterodactyles.  According  to  this  view,  the 
"  lateral  carpal "  would  probably  be  the  metacarpal  of  the  same 
digit     In  favour  of  this  interpretation,  it  may  be  said  :  — 

1.  That  the  position  and  structure  of  this  appendage  of  the  carp  as 
correspond  closely  with  that  of  the  first  digit  in  some  other  reptiles, 
for  example,  Iguanodon, 

2.  The  "  lateral  carpal "  unites  both  with  the  distal  carpal  and 
with  the  **  pteroid  "  by  very  free,  well-defined  articulations. 

3.  In  American  specimens,  the  ''  lateral  carpal "  stands  nearly  at 
right  angles  to  the  wrist,  and  the  *'  pteroid  "  is  much  bent  near  its 
articular  end. 

4.  In  no  Pterodactyle  known  is  there  any  remnant  of  a  digit  out* 
side  the  wing  finger,  where  the  membrane  might  be  expected  to 
retain  it. 

5.  This  view  would  make  the  wing  finger  the  fifth  digit,  the  same 
to  which  the  membrane  is  attached  in  the  hind  foot 

Perhaps  the  strongest  objection  against  this  interpretation  is  the 
number  of  phalanges  in  the  respective  digits  of  the  hand.  These, 
however,  are  not  constant  in  the  known  Pterodactyles,  and  they 
vary  much  in  other  reptiles  which  have  the  digits  highly  specialized. 
This  subject  will  be  more  fully  discussed  by  tlie  writer  elsewhere. 

According  to  the  above  interpretation,  there  are  five  digits  in  the 
hand  of  Pterodactyles,  although  not  the  five  often  given  in  restora- 
tions. The  first  digit,  the  elements  of  which  have  been  considered, 
ondoubtedly  supported  a  membrane  in  front  of  the  arm.  The 
second,  third,  and  fourth  are  small,  and  armed  with  claws.  The 
large  wing  finger  is  the  fifth,  corresponding  to  the  little  finger  of 
the  human  hand. 

llie  metacarpal  bones  are  much  elongated  in  the  Pterodactyles 
with  short  tails,  and  quite  short  in  those,  like  the  present  specimen, 
that  have  the  tail  long.  The  metacarpal  of  the  wing  finger  is 
always  large,  and  robust,  while  those  of  the  claw-bearing  digits  are 
usually  quite  slender.  In  Pteranodon,  the  second  metacarpal  is  a 
slender  thread  of  bone,  throughout  most  of  the  length,  while  the 
third  and  fourth  are  attenuated  splint  bones,  incomplete  above. 

The  phalanges  of  the  three  middle  digits  are  quite  short,  and  the 
terminal  ones  supported  sharp  claws.  The  wing  finger  has  four 
greatly  elonp;ated  phalanges,  the  last  being  a  styloid  bone,  without  a 
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daw.    Thi§  digit  is  well  ahown  in  the  rigbt  wing  Tepresented  in 
E^g.  1,  and  also  in  the  restoration,  given  below,  Fig.  3. 

In  the  restoration  here  attempted,  the  writer  hu  endeavonred  to 
reproduce  (1)  the  parta  actually  present  or  clearly  indicated  in  the 
ipecimen  described,  and  (S)  those  which  the  former  seemed  to 
require  to  complete  the  outward  form  in  life.  The  membrane  at 
the  base  of  the  tail  may  have  been  somewhat  less  in  extent,  and  the 
fold  of  the  skin  above  the  fore-arm  either  more  or  less  developed 
than  here  represented,  bat  the  facts  now  known  render  the  outlines 
here  given  more  than  probable.  The  bands  are  represented  with 
the  palms  forward. 


The  present  speciea  appears  to  be  most  nearly  related  to  Wiampho- 
rhynehvB  Qemmingi,  vod  Meyer,  from  the  same  geological  horizon, 
and  near  the  same  locality.  That  it  is  quite  distinct,  however,  is 
shown,  aside  from  the  difference  in  size,  by  the  complete  ankylosis 
of  the  scapula  and  coracoid,  and  by  the  fifth  digit  of  the  hind  foot 
being  well  developeil,  and  having  ihree  phalanges.  In  the  nanie 
Bhamphorhi/nchus  pbyllurug,  here  proposed  for  the  species,  the  latter 
designation  refers  to  the  leaf-shaped  caudal  appendage,  which 
appears  to  be  one  of  its  most  characterislio  features. 

For  the  long  delay  in  the  description  of  this  important  European 
epeoimen,  the  writer  can  only  plead  I'enAarraa  dea  riehettes  nearer 

Yalb  Colleob,  New  Haten,  Mtrtk  14,  1882. 


III. — Note  on  thb  So-callbd  "  Htpbksthenite  "  of  Carrock  Pbll, 

CUHBEBLAHD. 
By  Ch4s.  0.  TucHiuKN,  Ph.D. 
rpHKOUGH  the  kindness  of  Mr.  J.  J.  Harris  Teall,  F.G.S.,  I  have 
X  been  enabled  to  examine  a  hand-specimen  of  the  above  rock, 
gathered  by  himself  at  a  point  about  half-way  between  the  village 
of  Mosedale  and  the  summit  of  Carrock  Fell.  In  general  appearance 
it  coincides  with  the  white  or  grey  variety  of  the  hypersthenite  of 
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Mr.  J.  C.  Ward,*  and  which  is  described  by  him  generally  as  "  a 
coarsely  crystalline  compound  of  plagioclase  felspar  and  hypersthene, 
with  scattered  grains  of  titan! ferous  iron  oxide,  and  more  or  less 
quartz,"  remarking  that  "  the  hypersthene  may  be  replaced  by  a  hom- 
blendio  mineral  or  may  occur  in  conjunction  with  it."  It  is  a  rock 
of  rather  coarse  grain,  consisting  macroscopically  of  dull  white 
crystals  of  plagioclase  felspar  with  a  greenish  or  bluish-green  cast, 
some  parts  clear  and  vitreous  with  twin  striations ;  very  dark  olive- 
green  diallage  in  irregular  grains,  occasionally  forming  crystalloids 
with  definite  outline  up  to  one-quarter  of  an  inch  in  length,  and 
rarely  with  any  distinct  metallic  lustre  on  the  cleavage  faces  (Mr. 
Teall  states  that  the  metallic  lustre  is  pronounced  in  the  weathered 
parts  of  the  rock)  ;  large  black  grains  and  octahedrons  of  magnetite, 
perhaps  in  part  ilmenite ;  a  considerable  quantity  of  white  or  greyish 
qnartz  in  large  grains ;  a  soft  micaceous  decomposition  product  of 
paler  colour  than  the  diallage ;  lastly,  a  few  minute  elongated  hexa« 
gonal  crystals  of  a  transparent  light  grass-green  and  rather  soft 
mineral,  which  appears  to  be  apatite. 

The  felspar  is  kaolinized  on  the  weathered  side  of  the  specimen, 
leaving  the  diallage  in  a  soft  brownish-green  altered  condition, 
apparently  serpen  tin  ized. 

The  microscopical  analysis  of  a  section  cut  from  the  specimen 
gave  the  following  result : — 

1.  Plagioclase,  probably  labradorite,  in  large  crystals,  which  were 
highly  altered  to  a  yellowish  fine-grained  substance,  with  aggregate 
polarization,  and  here  and  there  intersected  by  fine  veins  of  chlorite 
or  serpentine,  leaving  clear  and  perfectly  fresh  portions  made  up  of 
broad  twin  lamellsB,  crossing  one  another  in  two  directions.  The 
dark  microliths  so  common  in  labradorite  are  wanting.  2.  Diallage 
in  irregular  patches,  finely  striated  by  cleavage  fissures  and  dark 
interpositions.  Faint  cleavages  in  other  directions  also  visible.  Some 
parts,  especially  near  the  edges,  were  without  interpositions.  No 
twins.  Colour  pale  brown,  no  pleochroism,  active  polarization,  like 
augit«.  Occasionally  a  lamellar  polarization,  probably  due  to  altera- 
tion. In  sections  more  or  less  parallel  to  the  klinopinacoid  the 
position  in  which  extinction  took  place  between  crossed  Nicols  gave 
angles  varying  between  23^°  and  30^°  with  the  vertical  axis,  i.e. 
direction  of  stnation,  of  the  crystals.  No  hornblende  in  conjunction 
with  diallage.  3.  Hornblende  (?).  A  few  minute  grains  were 
strongly  pleochroitio,  from  bluish-green  to  yellowish-green,  distinct 
cleavage  and  a  somewhat  rough  surface.  Extinction  gave  9°  with 
the  direction  of  vertical  axis.  This  may  be  hornblende.  4.  Ser- 
pentine. A  large  portion  of  the  augitic  or  homblendic  constituents 
of  the  rock  is  more  or  less  completely  altered  to  bright  green  ser- 
pentine, slightly  pleochroic  with  aggregate  polarization ;  a  part  may 
be  chloritic.  5.  A  micaceous  mineral  is  represented  by  a  small 
number  of  minute  irregular  grains  with  wavy  black  striations. 
Bichroism  distinct,  dark  bluish-green  and  yellowish  brown.     Extin- 

*  On  the  Granitic,   Granitoid  and  Associated  Metamorphic  Rocks  of  the  Lake- 
district.    Pts.  iii.  — y.    Qnart.  Journ.  Geol.  Soc.  yd.  xxxii.  (1876)  p.  21. 
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guishing  parallel  with  the  Btri».  6.  Qaartz,  interstitial  in  large 
quantity  running  in  irregular  bands  through  the  section.  It  fre- 
quently had  the  broken-up  appearance  of  quartz  in  ''  Sohriftgranit** 
Minute  fluid  laoun»  with  fixed  and  mobile  bubbles.  The  high  per- 
centage of  silica  in  Mr.  Ward's  analysis  is  hereby  easily  accounted 
for.  7.  Magnetite  in  large  crystals  and  irregular  grains.  8.  Apatite. 
A  few  colourless  grains  with  regular  outline  agreed  with  the  micro- 
scopic appearance  of  this  mineral.  A  chemical  test  revealed  the 
presence  of  phosphoric  acid.     Olivine  was  not  observed. 

With  exception  of  the  serpentinized  portions,  the  number  and  size 
of  the  fragments  of  the  oblique  diallage  preponderated  to  such  au 
extent  over  anything  that  might  be  construed  as  hypersthene  that 
the  rock  from  which  our  specimen  was  taken  seems  undoubtedly  to 
be  a  gabbro  and  not  a  hypersthenite.  The  question  of  the  existence 
of  the  latter  in  the  Carrock  Fell  district  cannot,  however,  be  re- 
garded as  solved,  until  a  more  extended  examination  has  been  made 
of  the  different  occurrences  of  this  interesting  rock. 


lY. — Supplement  to  a  Chapteb  in  the  History  of  Metbobitbs. 

By  Walter  Plioht,  D.Sc,  F.G.S. 
[Continued from  p.  170.) 

1877,  January  3rd  (Sunrise). — ^Warrenton,  State  of  Hissonri. 

[Lat.  38^  60' ;  Long.  9r  1(K.] ' 

A  sound  like  that  of  a  cannon  ball  passing  through  the  air  was 
heard  by  four  observers  near  Warrenton.  On  looking  up  they  saw 
an  object  falling,  which  struck  a  tree,  breaking  off  the  limbs,  and 
then  coming  to  the  gi*ound  with  a  crash.  The  observers  were  fifty 
or  sixty  metres  distant  from  the  spot  where  it  fell.  The  snow  was 
melted  where  it  fell.  From  the  fragments  found,  it  appears  to  have 
had  a  conical  form,  and  to  have  been  about  eighteen  inches  in  length. 
The  pieces,  although  warm,  were  easily  handled.  It  is  estimated 
that  the  stone  weighed  about  one  hundred  pounds,  but  only  about 
from  ten  to  fifteen  pounds  weight  have  been  preserved. 

In  one  specimen  the  fibres  of  some  of  the  branches  are  found 
adhering  to  the  rough  crust  of  the  stone,  and  these  delicate  fibres 
show  not  the  slightest  sign  of  having  been  heated.  No  luminous 
phenomena  attended  the  fall,  which  appears  to  have  been  slow; 
*'  it  was  no  doubt  a  meteorite  well  spent  in  its  rapid  motion  through 
the  atmosphere."  Its  direction,  as  far  as  it  could  be  ascertained, 
was  from  N.W.  to  S.E. 

The  stone  differs  in  a  marked  degree  from  the  one  just  described, 
although  it  also  is  pisolitic  and  fell  only  a  few  days  previously.  It 
closely  resembles  the  Ornans  meteorite,  which  fell  Ilth  July,  1868, 
and  the  results  of  Dr.  Smith's  analysis  closely  accord  with  those 
found  by  Pisani  ^  on  analyzing  that  stone. 

The  crust  in  this  case  is  unusually  thick,  being  in  some  places 
from  two  and  a  half  to  three  and  a  half  millimetres  in  thickness. 

^  J.  L.  Smith,  Amer,  Jour,  8e.  1877.  xiiL  243 ;  and  xir.  222. 
«  Comjft.  rend.  1868,  livii.  663. 
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Tlie  interior  has  a  very  dark  uniform  asb  colour,  is  soft,  and  is  easily 
orashed.     The  density  of  the  stone  is  8*47;  the  troilite  forms  8*51 
per  cent  of  the  stone  and  the  nickel-iron  2*01  per  oent. 
By  treatment  with  aoid  it  was  found  that  there  were  present : — 

A.  Soluble  silicates =r  80*40  per  cent. 

B.  Iimoluble  silicates 19*60 

10000 

which  contained  respectively : —                A.  B. 

Silicic  acid 33*02  . .  56*90 

Iron  protoxide 37*67  ..  10*20 

Alumina 0*12  ..  0*20 

Chromium  oxide ..  0*33 

lame    trace  . .  7*62 

Magnesia 28*41  ..  22*41 

Soda     0*07  ..  1*00 

Nickel  oxide    1  *64 

Cobalt  oxide    0*31 

10104         ..         97*66 

The  chromium  appears  to  be  in  the  form  of  ohromite,  amounting 

to  0*5  of  that  mineral ;  and  the  nickel  oxide  to  be  a  constituent  of 

the  soluble  silicates.     The  nickel-iron,  which  is  present  in  very 

small  quantity,  contained 

Iron  =  88*51 ;  Nickel  =  10*21  ;  and  Cobalt  =  0*60   =  99*32. 

The  mineral  constitution  of  this  meteorite  was  calculated  to  be 

made  up  of : — 

OliTine  minerals  76*00 

Bronzite  and  pyroxenic  minerals 18*00 

Nickel-iron    2*00 

Troilite 3-50 

Chrome-iron 0*60 

The  proportion  of  olivine  present  in  this  stone  is  unusually  high. 

1877,  January  23rd9  4  p.m. — Cynthiana,  Harrison  Co.,  Kentucky.^ 

At  the  date  given  above  a  brilliant  meteor  was  seen  traversing 
Monroe  County,  Indiana,  in  a  S.E.  direction,  about  thirty-five  degrees 
above  the  horizon ;  it  was  also  seen  by  several  persons  in  Decatur 
County  of  the  same  State,  lat.  39°  27' ;  long.  So"  28'»  where  it  dis- 
appeared just  as  it  seemed  to  touch  the  earth,  not  more  than  a 
quarter  of  a  mile  distant.  It  fell  about  sixty  miles  distant  Ap- 
parently it  was  not  seen  in  the  State  of  Ohio,  but  in  the  State  of 
Kentucky  it  was  observed  over  a  considerable  territory.  The 
phenomenon  culminated  in  the  usual  noises  beard  in  the  heavens. 
Fortunately  one  observer,  an  intelligent  farmer,  heard  a  solid  body 
strike  the  ground  ;  he  walked  immediately  to  the  spot  and  dug  the 
stone  out  from  a  depth  of  thirteen  inches. 

The  stone  weighs  six  kilogrammes ;  it  is  wedge-shaped,  with  one 
portion  of  it  very  extensively  and  regularly  pitted,  while  the  rest  is 
comparatively  smooth.  Tlie  crust  is  dull  black  and  is  as  perfect  as 
when  the  stone  fell.     There  was  a  fresh  broken  spot  of  two  or  three 

1  J.  L.  Smith,  Amer,  Jour.  Se.  1877,  xiii.  243 ;  and  xiv.  225. 
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sqnare  oentim^tres  wbioh  was  evidently  made  prior  to  the  fall,  a  few 
Biiiall  specks  of  the  melted  matter  adhering  to  the  surface.  The 
texture  of  the  meteorite  is  of  the  harder  breociated  variety,  and  when 
broken  presents  a  mottled  surface,  identical  with  that  of  the  Pamal- 
lee  stone,  which  it  resembles  in  every  other  particular.  The  specific 
gravity  of  the  two  meteorites  is  identical,  viz.  3*41. 
The  Cynthiana  stone,  when  treated  with  hydrochloric  acid,  gave : — 

A.  Soluble  silicate      66*60 

B.  Insoluble  silicate 43*60 

which  were  found  to  have  the  following  composition : — 

A.  B. 

Silicic  acid      33*66 

Iron  protoxide 

Aimniiia  ..*     ..•     •,.     .••     ..«     ««« 
Chromium  oxide     

^  iimo  •••       •••       •••       •■•       •••       ••• 

Magnesia .,     ... 

^^\^\»Mmm  ••     •••     •••     •••     •••      ••     ••• 

99-20  100*74 

The  troilite  amounted  to  5*50  per  cent«  and  the  nickel-iron  to  5*93 
per  cent,  which  had  the  composition  : — 

Iron  rr  90-64 ;  Nickel  =  8*36 ;  and  Cobalt  ^  0-73  =  99*72. 

The  mineral  constituents  are  easily  distinguished  by  the  eye,  and 

consist  of : — 

Olivine  minerals 60-00 

Bronzite  and  pyroxenic  minerals       30*00 

Nickel-iron 6*00 

^  *■  vXX&  M?  •••     •••     •■•     •••     •••    •••     •••     «••    •••    •••      V  V  V 

Chrome-iron 0*62 

In  recording  the  three  interesting  falls  at  Rochester,  Warrenton 
and  Cynthiana,  Dr.  L.  Smith  draws  attention  to  the  remarkable  fact 
that  during  a  period  of  eighteen  years  there  have  been  twelve  falls 
of  meteorites  in  the  United  States,  of  which  specimens  have  been 
collected.  Eight  of  these  falls,  with  over  one  thousand  kilogrammes 
of  matter,  have  occurred  over  the  prairie  regions  of  the  West,  not  far 
from  his  home;  and  the  extreme  limit  of  these  falls  is  within  a 
region  not  exceeding  one-eighth  of  the  surface  of  the  United  States, 
east  of  the  Rocky  Mountains.  The  population  of  this  area  is  not 
much  above  the  average  of  that  country.  The  four  other  falls  in  the 
United  States  during  the  same  period  were  attended  with  the 
descent  of  less  than  two  kilogrammes. 

1877,  March  16tli,  8  p.m. — ^Uitenhage,  Cape  of  Oood  Hope, 

South  Africa.^ 

A  magnificent  fireball,  such  as  few  would  ever  see  in  a  lifetime, 
made  its  appearance  in  the  East,  ''coming  out  of  the  eastern  horizon" 
at  Uitenhage,  *'  and  travelling  slowly  across  the  firmament  in  an 
oblique  direction  to  the  westward,  when  it  burst,  sending  forth 
streams  of  fire,  as  if  from  a  hundred  rockets,  and  then  was  heard  a 
low  rumbling  noise  as  of  thunder  in  the  distance.     The   meteor 

1  The  Times,  London,  May  21,  1877. 
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appeared  to  be  nearly  if  not  quite  aa  large  aa  the  full  moon,  but  not 
round,  more  of  an  oblong  ahape,  and  while  travelling  through  the 
air  it  very  mueh  resembl^  a  large  turpentine  balL  It  gave  forth  a 
bright  bluish  light,  which  lit  up  the  whole  sky,  and  you  oould  dis- 
tinguish everything  around  you  for  miles  as  plainly  as  in  the  day- 
time.'* Native  Hottentots  and  Kaffirs,  the  aooount  adds,  were  so 
terrified  that  they  sought  refuge  in  the  nearest  houses,  and  the 
apparition  of  the  fireball  was  regarded  by  them  as  a  warning  of 
approaching  famine,  drought,  or  some  other  calamity.  None  of 
them  had  ever  seen  a  meteor  of  anything  like  the  size  or  half  so 
brilliant  as  the  present  one.  The  oxen  in  the  waggons  stopped  on 
the  road  and  oould  not  for  some  time  be  got  to  start  again,  others 
tamed  round,  snapped  off  the  disselbooms  of  the  waggons,  and 
bolted  for  some  distance  into  the  bush.  The  consternation  was 
general  in  the  country  round  Uitenhage.  The  illumination  lasted 
nearly  a  minute,  and  the  light  was  such  that  it  dazzled  the  eyes  of 
all  who  saw  it  The  events  recorded  took  place  on  a  beautiful 
starlight  evening. 

1877,  May  17th9  7  a.]n. — ^Hungen.  between  Steinheim  and  Borsdorf 

Provinz,  Oberhessen.' 

An  eye-witness  of  the  fall  of  one  of  these  meteorites  states  that, 
as  he  was  passing  through  a  wood,  on  his  way  from  Steinheim  to 
Borsdorf,  he  heard  a  noise  as  of  thunder,  although  the  sky  was 
cloudless,  followed  by  a  humming,  hissing,  whistling  sound,  such  as 
would  be  caused  by  a  number  of  stones  rapidly  rushing  among  the 
trees.  One  stone  struck  a  pine  tree  close  by  him,  severed  a  branch 
about  the  thickness  of  the  finger,  and  fell  at  his  feet.  It  was  some 
time  before  he  could  convince  himself  that  the  object  before  him 
was  not  alive,  but  when  he  at  last  ventured  to  raise  it  from  the 
ground  he  found  it  was  cold. 

Buchner  visited  the  locality  five  months  later  and  found  a  second 
stone,  weighing  26  grammes.  The  first  must  have  weighed  more 
than  86  grammes,  and  a  portion  of  it  weighing  73*26  p^rammes  has 
heen  deposited  in  the  mineralogical  collection  of  the  University  of 
Giessen.  It  has  an  irregularly  triangular  and  flattened  form,  and 
less  than  one  quarter  of  the  stone  has  apparently  been  removed. 
It  should  be  stated  here  that  Buchner  learned  from  several  who  were 
able  to  bear  witness  to  the  occurrence,  that  the  sound  attending  the 
descent  of  the  meteorites  proceeded  in  a  direction  from  N.W.  to  S.E. 
The  freshly  fallen  leaves  of  mid-October  rendered  hopeless  further 
search  for  the  other  stones  which  must  have  fallen. 

The  crust  of  the  meteorite  is  dull  black  and  thin,  and  exhibits 
here  and  there  granules  of  nickel-iron.  The  fractured  surface 
(b'splays  a  grey,  occasionally  brownish,  matrix,  which  is  traversed 
by  a  very  thin  but  very  conspicuous  brilliant  black  band  of  material ; 
it  runs  obliquely  to  the  flattened  side  of  this  stone,  and  is  also  found 
in  the  smaller  mass,  picked  up  five  months  later,  which  evidently 
never  formed  part  of  a  larger  meteorite.     On  another  part  of  the 

'  0.  Buchner  and  6.  Tschermak,  Mineralogische  Mittheilungen^  1877,  313. 
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fractured  snrfaoe  of  the  larger  stone,  a  second  black  line,  parallel  to 
the  first,  bat  less  brilliant,  is  to  be  seen.  Abundant  particles  of 
nickel-iron  and  troilite  are  met  with;  and  the  crust  appears  to 
consist,  to  the  extent  of  one-half,  of  the  metallic  alloy.  Examination 
under  the  microscope  shows  the  ground  mass  to  be  colourless  and 
transparent,  and  to  be  fissured  in  every  direction.  It  appears  to 
consist  of  olivine.  Some  olivine  spherules  are  quite  conspicuous, 
surrounded  either  by  the  black  material  or  nickel-iron  ;  other 
chondra  have  a  banded  or  radiate  structure,  like  those  observed  by 
Tschermak  in  the  aerolites  of  Shergotty  or  Gopalpur,  and  appear  to 
be  bronzite ;  and  lastly,  there  are  spherules  of  a  honic^neoas  grey 
translucent  substance,  devoid  of  or  rarely  traversed  by  fissures. 
Bucbner  states  that  the  meteorite  of  Hungen,  while  a  member  of  the 
most  common  class  of  meteorites,  can  easily  be  distinguished  from 
those  which  fell  at  Agen,  Girgenti,  New  Concord,  Enyahinya, 
Eriihenberg,  Pultusk,  and  many  others  which  he  mentions. 

The  smaller  stone  was  pi*esented  to  the  Vienna  Collection,  and 
forms  the  subject  of  a  few  notes  by  Tschermak  in  an  ap|>endix  to 
Buchner's  paper.  He  describes  its  characters,  which  nearly  approach 
those  of  the  Pultusk  meteorites.  The  black  crust  has  the  unusual 
thickness  of  1*5  mm.,  and  incloses  particles  of  nickel-iron,  granules 
of  magnetic  pyrites  (troilite  ?),  and  even  lustreless  chondra,  which 
may  consist  of  chromite  or  picotite.  The  transparent  minerals  con- 
stituting the  chief  mass  of  the  stone  are  of  three  kinds :  1.  Olivine^ 
recognized  by  its  rectangular  cleavage  and  few  included  minerals, 
and  by  its  contributing  but  little  to  the  chondritic  character  of  the 
stone;  2.  Bronzite,  in  granules  and  aggregated  crystals,  showing 
a  prismatic  cleavage,  the  latter  being  either  barred  or  radiate,  or 
contorted  and  forming  the  greater  number  of  the  chondra ;  and 
3.  Diallage,  for  such  Tschermak  believes  to  be  a  brown  mineral, 
forming  angular  fragments,  which  are  found  not  to  be  rhombic,  and 
to  resemble  an  augite.  Chromite  occurs  in  granules,  and  in  larger 
crystals  than  ai*e  met  with  in  other  meteorites. 

Ill  is  interesting  stone  has  not  yet  been  analyzed. 

1877,  June.— Cronstadt,  Orange  Eiver  Free  State,  South  Africa. 

All  that  I  have  yet  been  able  to  gather  respecting  this  occurrence 
is,  that  a  shower  of  stones  fell  near  Cronstadt  in  June,  1877,  in  a 
wooded  district,  so  that  few  of  them  could  be  collected.  One  of 
them  is  preserved  in  the  British  Museum. 

1877,  October  13th,  about  2  p.m.— Soko-Bai^ja,  N.E.  of  Alexinatz, 
Servia.'    [Long.  20""  53^  E.  of  Greenwich ;  Lat.  43''  38'  N.] 

DolFs  paper,  which  appears  in  the  "  Transactions  of  the  Austrian 
Geological  Society,"  contains  two  descriptions  of  the  fall  of  meteor- 
ites at  Soko-Banja,  drawn  from  two  different  sources.  The  first, 
taken  from  the  Servian  weekly  literary  journal  "  Javor,"  published 
at  Neusatz,  is  written  by  an  eye-witness  of  the  occurrence,  who 

»  E.  Diill,  Vnhondl.  der  K.K.  Geohg,  Beichsamtfalt,  1877,  No.  16,  283.     S.  M. 
Losanitch,  Beriehtt  dtr  dtuUch^i  chtfimchtn  Gewlhchaft,  1878,  xi.  96. 
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states  that  the  ISth  October  was  fine,  and  the  sky  clear,  and  that 
about  two  in  the  afternoon. a  noise  as  of  thunder  was  hecurd  resem- 
bling batteries  of  cannon  firing  briskly.  The  sound  was  followed 
by  a  Yiolent  concussion  of  the  air,  and  then  a  number  of  aerolites 
were  strewn  over  the  adjacent  region.  One,  weighing  10  okas  (22j^ 
Austrian  pounds),  fell  in  front  of  a  house  in  Soko-Banja,  and  was 
driven  deep  into  the  earth  ;  a  second,  which  touched  the  ground  at 
Soherbanowaz,  near  the  Rtanj  Berg,  weighed  30  okas  (67j^  Austrian 
pounds),  and  is  the  largest  mass  which  was  collected.  The  peasants 
at  Rtanj  state  that  one  which  fell  in  that  locality  was  of  the  size  of 
a  sack  of  flour,  and  that  by  striking  the  rocky  surface  it  was  dashed 
to  fragments.  From  the  second  and  later  report,  provided  by  Bitter 
von  Stefanowitsch,  of  an  inquiry  instituted  by  some  scientific  men 
from  Belgrade,  it  appears  that  two  explosions  like  salvoes  of  artillery 
were  heard,  accompanied  by  a  brilliant  display  of  light  such  as 
attends  the  bursting  of  shells.  A  dense  black  smoke  was  observed 
al  a  considerable  altitude,  which  broke  up  into  three  columns,  and 
gradually  changed  to  a  white  smoke.  The  noise  lasted  for  some 
time,  and  then  the  sound  resembled  the  firing  of  musketry.  The  air 
appeared  to  be  shaken.  Soon  after  the  explosion  commenced  a 
number  of  meteorites  fell  to  the  ground  over  an  area  a  mile  and 
*  a  half  in  length  and  half  a  mile  in  breadth.  The  following  masses 
have  been  collected  : — 

1.  One,  weighing  23  okas,  fell  in  the  village  of  Soherbanowaz, 
and  penetrated  the  soil  to  the  depth  of  four  feet.  (This  is  the  one 
mentioned  in  "  Javor.") 

2.  One,  weighing  15  okas,  fell  near  the  vineyard  at  Soko-Banja, 
and  reached  a  depth  of  three  feet.  This  appears  not  to  be  the  mass 
referred  to  in  "  Javor." 

3.  Two  stones  found  at  Blandija. 

4.  A  fragment,  weighing  2  okas,  was  found  at  Prevalao. 

5.  A  meteorite  of  small  size  fell  at  Gradic  (Prevalac  and  Gradic 
are  hamlets,  west  of  and  close  to  Soko-Banja). 

6.  A  number  of  pieces  of  various  sizes  fell  at  Dugopolje,  and 
several  very  small  stones  are  reported  to  have  fallen  on  the  Djeviza 
Planina. 

One  fragment,  2  okas  in  weight,  fell  on  a  pear  tree,  and  then 
descended  to  the  ground  ;  a  man  who  was  under  the  tree  took  it  in 
bis  hands,  and  received  the  impression  that  the  mass  was  still  warm. 

The  meteorites  were  sent  to  the  Natural  History  Museum  at 
Belgrade.  Doll's  paper  contains  two  little  maps  indicating  the  area 
over  which  the  stones  were  strewn.  He  describes  a  small  specimen 
which  came  into  his  possession  :  the  matrix  is  bluish  grey  and  com- 
pact, inclosing  spherules  which  vary  in  size  from  that  of  a  millet- 
seed  to  that  of  a  hare-shot,  and  which  project  from  the  fractured 
surface.  But  little  nickel-iron  or  magnetic  pyrites  (troilite?)  could 
be  seen.  He  noticed  patches  of  a  brown  colour,  which  he  considers 
characteristic  of  this  meteorite. 

Losanitch,  in  his  communication  to  the  Berlin  Chemical  Society, 
which  appeared  subsequently,  states  that  an  interval  of  25  seconds 
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elapsed  between  the  appearanoe  of  the  meteor  and  the  first  explo 
rioD,  which  was  followed  by  two  others.  The  eiqplosion  oocmred  a 
an  dtitnde  of  7000  metres.  The  path  of  the  meteor  made  an  angl 
of  220^  50^  witli  the  magnetic  meridian,  and  followed  a  coorse  fros 
N.E.  to  S.W.,  with  a  very  rapid  descent.  The  track  of  the  meteo 
has  been  calculated  by  Kleritj,  and  the  details  are  to  be  found  ii 
"Glasnik,"  the  jonmal  of  a  Servian  learned  society.  He  make 
the  entire  weight  of  the  stones,  whole  and  in  fragments,  to  weigl 
80  kilog. 

All  the  meteorites  are  coated  with  a  black  roogh  Titreons  cms 
0*5  mm.  in  thickness,  exhibiting  nnmeroas  depressions.  The  inteno 
consists  of  spherules  of  various  sizes,  some  brown,  some  yellow 
cemented  together  by  an  ash-grey  material,  and  presents  the  appear 
ance  of  a  trachytic  lava.  In  polished  sections,  prepared  for  micro 
scopic  examination,  nickel-iron  in  granules,  hackly  fragments  an< 
filiform  particles,  is  to  be  recognized.  The  specific  gravity  of  th 
meteorite  is  3 '502.    The  meteorite  consists  of : — 

I.  If. 

Niokel-iron 3*8     3*7 

Silicates      %*2     96-S 


100-0  1000 

and  a  little  iron  sulphide.    A  fragment  of  the  nickel-iron,  which  wat 
separated  from  all  adhering  silicate,  possessed  the  composition :  — 

XlwU*  ••    •••    •••    •••    •••    •••    •••    ■••    •••    *"*   « O  X  v 

Al  AV^«>a      •••     ■••     •••     ■••     •«•     •••     •••     •••     ^^   «*  A   ■  ^r 

v V U llt7a    •••     «.a     «B«     9» m  •••     •••     •••     •••     ^"     V  A  f 

10000 
This  is  a  high  per-centage  of  nickel ;  the  ratio  of  the  metals  is- 
Fe :  Ni  as  4 :  1.  The  iron  sulphide  was  found  to  be  the  mono 
sulphide,  and  to  contain  63-84  per  cent,  of  iron;  theory  require 
iron= 63*64  per  cent.  Analyses  of  the  complete  meteoric  rock 
containing  the  metallic  alloy  and  iron  sulphide,  but  freed  from  al 
trace  of  crust,  were  made — (1)  by  treating  it  with  hydrochloric  aci< 
and  caustic  potash,  which  removed  constituents  amounting  in  thre 
cases  to  60*60  per  cent.,  61*44  per  cent,,  and  61*79  per  cent. ;  an< 
(2)  by  determining  the  ingredients  of  the  portions  (I.)  acted  upoi 
by,  and  (II.)  withstanding  these  reagents.     ITiey  are  as  follow  : — 


I. 

II. 

Silicic  acid 

.     ...     32-24 

56-66 

Iron  protoxide    . . . 

...     28-41 

23-55 

Manganese  oxide 

...       0-20 

0-003 

Magnesia     

Soda    

.     ...     30-63 
...       0-43 

20-84 

Potash 

...       0-09 

— 

Iron     

...       0-70 

— 

Nickel 

...       0*17 

Iron  monosalphide 

=  6*78 

,  (  Fe  =4-31 
'  [  S     =2-47 

— 

Chromite     

•  •  •         •  •  < 

■  •  •               — "^ 

Oil 

Phosphorus 

•   •    •                    •   •   4 

»         •  •  • 

trace 

99*55  101*63 
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Neither  alumina  nor  lime  appears  to  be  present  in  this  meteorite, 
and  augitic  and  felspathio  constituents  are  consequently  absent.  The 
oxygen  present  in  the  two  silicates  amounts  to — 

I.  II. 

Silicic  acid      17*19    30-22 

S^^r'^":::  il1}}=»«"  -  {I'll]  ;••=»•«« 

The  soluble  portion,  therefore,  is  an  olivine,  having  approximately 
the  composition  represented  by  the  formula  2(|  MgO,  i  FeO),  SiO,; 
and  the  insoluble  part  a  bronzite  of  the  form  (f  MgO,  {  FeO),  SSiOi; 
the  ratio  of  iron  oxide  to  magnesia  being  the  same  in  both  silicates. 

^To  be  continued  in  our  next  Number.) 

V. — On  the  Classification  of  the  Eubopean  Rooks  known  as 

Pkumian  and  Tbias. 

By    the    Rev.    A.    Irving,    B.Sc,    B.A.,    F.G.S. ; 

Senior  Science  Master  of  Wellington  College. 

(Continued  from  page  164.) 

(c)  In  the  Midland  Counties  the  rocks  mapped  as  Permian  are 
considered  on  all  sides,  if  Permian  at  ail,  to  belong  to  the  Lower  or 
Rothliegende  series ;  we  need  not  therefore  stop  to  discuss  them  at 
any  great  length  here.  The  chief  authorities  are  Mr.  Howell  *  and 
the  late  Prof.  Jukes.*  In  Warwickshire  the  case  is  a  simple  one : 
there  is,  according  to  Mr.  Howell,  a  general  unconformity  of  the 
rocks  called  Permian  with  the  Triassic  strata  which  lie  above  them. 
In  the  Staflfordshire  area  the  case  is  somewhat  different.  After  a 
careful  perusal  of  Mr.  Jukes^s  Memoir,  I  fail  to  find  that  his  survey 
of  the  district  enabled  him  to  furnish  any  direct  evidence  of  the 
unconformity  between  the  Permians  and  the  Trias,  in  the  existence 
of  which  he  expresses  his  belief  in  the  text.  It  seems  that  the 
unconformity  in  this  case  is  purely  hypothetical.  He  conceives 
what  would  have  taken  place  if  extensive  denudation  had  intervened 
in  that  area  between  the  deposition  of  the  Permian  and  Trias ;  but 
the  facts  mentioned  by  him  may  be  equally  well  explained  by 
conformable  overlap  of  tlie  Permians  by  the  Trias,  unless  the  Permian 
itrata  were  themselves  conformable  to  the  Carboniferous  series  :  this 
is  shown  clearly  not  to  be  the  case.  It  would  seem  that  the  author 
was  himself  only  half-convinced  by  the  arguments  he  had  put 
forward,  for  in  the  reduced  section  (No.  7),  at  the  end  of  the 
Memoir,  the  Triassic  strata  are  represented  as  lying  conformably 
upon  the  Permian. 

(d)  A  very  interesting  paper,  which  seems  to  me  an  important 
contribution  to  the  science,  has  lately  appeared.  The  author  of  it  is 
Mr.  D.  C.  Davies,  F.G.S.^  In  this  paper  he  has  collaborated  a  large 
number  of  facts  gleaned  from  actual  sections  in  which  the  rocks 
known  as  "  Upper  Permian "  occur.     The  paper  is  worthy  of  the 

^  Geology  of  the  Warwickshire  Coal-field^  by  H.  H.  Ilowell,  a  **  Survey  "Memoir. 
'  Memoir  on  the  South  Staffordshire  Coal-feld^  by  J.  B.  Jukc«,  M.A.,  F.R.S. 
'  Vide  Q.  J.  G.  S.  vol.  xxxiii.  On  the  Relation  rf  the  Upper  Carbouiferoue  Strata 
(•f  Shropshire  and  Derbyshire  to  the  Rocks  usually  classed  as  I'ermian. 
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careful  perusal  of  every  one  wlio  takes  an  interest  in  the  question 
we  are  engaged  in  discussing.  Space  does  not  permit  me  to  quote 
from  it  so  fully  as  I  could  wish :  but  Mr.  Davies*s  general  conclusion 
may  be  given  in  his  own  words.  After  pointing  out  that  the  St. 
Bee's  Sandstone  is  the  undoubted  equivalent  of  the  so-called  '*  Upper 
Permian  "  of  the  north-eastern  area,  which  Sedgwick  seems  to  have 
regarded  as  **  having  more  in  common  with  the  strata  above  than 
with  those  below/*  he  says,  **  The  more  complete  the  sections  are 
which  we  obtain  (of  these  beds  and  the  Bunter  above  them),  the  less 
does  the  supposed  break  and  unconformity  become  "  (p.  24). 

In  the  face  of  all  that  has  been  now  said,  we  must  fail,  as  com- 
pletely as  the  German  geologists  appear  to  have  failed,  to  be 
convinced  that  there  is  any  place  to  be  found  in  the  classification 
of  the  British  rocks  for  an  *<  Upper  Permian/'  and  the  myth  of  a 
**  Palaeozoic  Trias  "  vanishes  from  the  serious  side  of  the  science.^ 

We  must  now  turn  our  attention  for  a  brief  space  to  the  downward 
extension  of  the  Permian  or  Dyassic  system.  The  first  thing  we  note 
here  (which  I  do  not  recollect  having  seen  pointed  out  before) 
is  the  remarkable  parallelism  between  the  English  and  German 
Permian  series  in  their  southerly  extension.  Every  one  knows  that 
the  upper  members  (the  Magnesian  Limestone  and  its  associated 
marls)  of  the  northern  counties  are  wanting  in  the  Midlands  south 
of  the  Trent  Valley.  Just  so  in  Germany,  as  we  proceed  south,  the 
Zechstein  formation  vanishes.  The  Dyassic  order,  as  it  appears  in 
Thiiringen,  on  the  south  of  the  Harz,  and  in  Saxony,  can  be  traced 
along  the  northern  side  of  the  Kiesengebirge  into  Silesia,  along 
the  northern  slope  of  the  Lausitzer  Kange,  and  in  the  vicinity  of 
Gorlitz ;  and  the  wide  distribution  of  the  system  is  a  fact  in  favour 
of  the  adoption  of  the  Dyas  as  the  normal  representative  of  the 
system  as  it  occurs  in  Europe.  Southward  it  is  no  longer  so  well 
marked.  In  Bohemia  it  is  represented  by  the  lower  formation  only, 
the  Hothliegende ;  but  here  red  limestone  strata  containing  Palceo- 
niscus  VratislaviensiSf  Ag.,  and  shales  with  Xenacanthiis  Decheni^  Beyr., 
and  Acanthodes  gracilis,  Beyr.,  intervene  between  the  mechanical 
deposits.  In  South  Germany  the  lower  formation  of  the  Dyas  is 
widely  distributed :  it  extends  from  Thiiringerwald  southwards, 
though  extensively  overlain  by  later  formations,  along  the  south- 
western slopes  of  the  Fichtelgebirge  and  the  Bohmerwald  into 
Bavaria.  One  of  the  largest  territories  occupied  by  this  formation 
extends  south-west  from  Hunsriick,  where  it  overlies  the  productive 
Coal-measures.  It  contains  here  feeble  traces  of  Coal  (as  the 
corresponding  deposits  do  in  the  South  Stafifordshire  country),  and 
consists  of  conglomerates,  shales,  and  sandstones,  as  usual.  The 
shales  contain  numerous  nodules  of  clay-ironstone,  with  remains  of 
Amblypterus  macropterus,  Bronn.,  and  Archegosaurus  Decheniy  Goldf. 
The  strata  are  often  broken  through  by  porphyries  and  melaphyres.' 

*  Though  still  recognized  in  Students  ElemenU  (Lyell),  it  is  rejected  by  Sir  A. 
Eamsay  in  his  Manual  of  British  Geology  ;   vid^t  p.  30. 

2  Credner,  £1,  d.  Geol,  pp.  482,  483.  See  also  pp.  473-477  of  the  same  work 
for  a  good  account  of  the  eniptive  rocks  ('  Gestcineruptionen  *)  which  intersect  the 
fiothliegende  of  Germany. 
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The  intrusion  of  crystalline  igneous  rocks  among  the  lower 
members  of  the  Permian  series  is  repeated  in  many  parts  of 
Grermanj  as  well  as  in  England  ;  in  the  latter  country  it  is  found  to 
be  the  case  in  the  Vale  of  Eden  and  in  the  S.  Staffordshire  country^ 
So  great  and  widespread  were  the  disturbances  at  this  epoch  that  it 
becomes  exceedingly  difficult  to  recognize  any  general  limit  for  the 
downward  extension  of  the  Permian  or  Dyas,  and  impossible  to  draw 
anything  like  a  horizontal  line  which  shall  be  equally  true  for  the 
different  portions  of  the  European  area.  Among  geologists  a  oon« 
viction  has  been  gaining  ground  of  late  years  that  an  error  has  been 
committed  in  drawing  the  base  line  too  low  in  the  geological  series. 
A  few  references  will  suffice  to  show  this. 

1.  Mr.  W.  T.  Aveline,  F.G.S.,  in  a  letter  to  the  Editor  of  this 
Maoazinb  for  1877,  p.  156,  says  :  **  The  links  that  bound  the  Per- 
miaa  to  the  Carboniferous  are  now  nearly  all  broken.  The  Lower 
Bed  Sandstone  of  Sedgwick,  or  Rothliegende  of  Murchison,  lying 
below  the  Magnesian  Limestone,  with  its  coal-plants  and  even  ooal- 
beds,  is  now  proved  to  be  either  Coal-measures  or  Millstone  Grit, 
and  the  Permians  of  Staffordshire  and  Warwickshire  are  now  said  to 
be  Upper  Coal-measures,  of  a  red  C4)lour.'*  (In  this  generalization  the 
writer  would  seem  to  overlook  the  great  brecciated  deposits  of  the 
Mid- West  of  England,  which  bear  so  striking  an  analogy  to  those 
of  Thiiriogen  and  the  Harz). 

2.  The  same  gentleman  has  recently  re-surveyed  the  southern 
part  of  the  Notts  and  Derbyshire  Coal-field.  The  red  sandstones 
and  shales  which  lie  oonformably  upon  the  Coal-measures,  and  were 
formerly  included  under  the  name  of  "  Lower  Red  Sandstone  "  with 
the  Permian  series,  have  been  definitely  given  up  by  him  to  the 
Coal-measure  formation.^  He  gives  good  reasons  for  adopting  the 
following  tabulation  of  the  Permian  strata  of  this  district : — 

4.  Red  Marls  and  Sandstone. 
3.  Magnesian  Limestone. 
2.  Shales  (Marl  Slate). 
1.  Breccia. 

On  this  one  remark  is  required  by  way  of  explanation.  The  Bed 
Marls  and  Sandstone  (4)  are  not  the  same  as  those  mentioned  in 
the  previous  part  of  this  paper  as  having  been  grouped  with  the 
Lower  Bunter.  Those  now  referred  to  are  subordinated  to  the 
Magnesian  Limestone  series ;  they  underlie  the  other  and  more 
massive  senes  in  S.  Notts  uncontbrmably ;  and  they  pass,  when 
traced  northwards,  under  the  upper  members  of  the  Magnesian 
Limestone  series.  For  a  fuller  description  of  the  interesting  sections 
in  which  the  above  sequence  of  deposits  is  exhibited  the  reader 
mast  be  referred  to  the  memoir  itself,  also  to  papers  descriptive  of 
them  by  Mr.  E.  Wilson,  F.G.S.*  The  breccia  (1)  in  the  above  table 
is  well  described  by  Mr.  Wilson  in  the  papers  referred  to,  but  is  of 
a  very  different  character  from,  and  must  not  be  confounded  with, 

*  Vide  Geology  of  the  Country  around  Nottingham^  2nd  edition,  1880. 
'  Vide  Quart.  Joum.  Geol.  Soc.  for  November,  1876,  The  Permians  of  the  N.E. 
</  England ;  also  paper  by  the  same  author  on  the  South  JScarle  Section, 
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the  great  Permian  breccias  of  the  West  of  England,  and  of  Thiiringen. 
It  forms  here  simply  the  basement-bed  of  the  Maguesian  Limestone 
and  Marl  Slate  Series.    There  is  a  marked  uneonfarmity  between  it 
and  the  Coal-measuree. 

3.  Mr.  Wilson,  who  has  for  some  years  given  great  attention  to 
the  north-eastern  area,  has  furnished  good  reasons,  both  in  the  papers 
jast  referred  to,  and  in  a  further  contribution  to  the  Midland  Na- 
turaliat  (vol.  iv.),  for  believing  that  in  this  area  the  "  Bothliegende  '* 
is  non-existent,  and  that  the  true  base  of  the  Permian  series  in  the 
north-east  of  England  is  the  Marl-slate  with  its  underlying  breccia. 
The  so-called  "  Lower  Red  Sandstone,"  including  the  "  Rotherham  " 
and  *'  Pontefract  '*  Rocks,  are  regarded  as  true  upper  Coal-measures, 
as  they  have  been  for  years  past  by  the  mining  engineers  of  the 
district.  Sanction  to  this  view  is  given  in  the  new  edition  of  the 
Survey  Map.  It  appears,  therefore,  that  in  our  north-eastern  area 
the  Dyas  of  Germany  is  represented  by  one,  and  that  its  uppermost, 
formation  only ;  the  Magnesian  Limestone  with  its  subordinated 
Marls  and  thin-bedded  Sandstones  representing  the  Zechstein,  while 
the  Marl  Slate  series  may  be  taken  as  the  equivalents  of  the  Eup- 
ferschiefer,  which  over  a  large  part  of  Germany  forms,  as  is  well 
known,  the  base  of  the  Zechstein  formation. 

If  now  we  turn  our  attention  to  the  Carlisle  Basin,  we  find  things 
reversed  or  nearly  so.  Years  ago  the  rocks  of  this  area  were  well 
described  by  Prof.  Harkness.^  He  described  six  different  sections, 
in  four  of  which  the  rocks  classed  as  Permian  in  the  paper  referred 
to  are  shown  to  rest  on  Carboniferous  strata ;  in  the  other  two 
sections  they  rest  immediately  upon  rocks  of  Silurian  age.  Intrusive 
igneous  rocks  break  in  upon  these  deposits,  as  before  mentioned,  and 
as  they  do  upon  the  Rothliegende  in  Germany.  There  is  no  distinct 
Dyassic  division  of  the  series  here,  though  it  is  in  the  upper  portion 
that  the  dolomitio  beds  occur ;  but  even  these  are  quite  subordinated 
to  the  sandstones  and  shales  with  which  they  are  interstratified. 
The  fossil  evidence  is  not  very  powerful,  and  is  derived  mostly  from 
plant-remains ;  but  these,  as  determined  by  Mr.  Etheridge  and  Prof. 
Heer,  give  a  Dyassic  aspect  to  the  group.  Petrographically  the  series 
reminds  one  of  the  Lower  foimation  of  the  Dyas,  as  it  occurs  in 
Bohemia  on  the  south  side  of  the  Riesengebirge,  in  which  feeble 
limestone  deposits  occur.  In  both  cases  the  calcareous  deposits  are 
subordinated  to  those  sedimentary  deposits  which  are  referable  in 
their  origin  to  mechanical  agencies.  It  is  in  their  petrographical 
character  that  these  members  of  the  same  great  system  found  in 
these  widely  distant  areas  would  seem  to  bear  the  closest  resemblance 
to  one  another.  The  enormous  development  of  the  breccias  and 
sandstones  of  the  Eden  Valley  and  the  vicinity  reminds  us  of  the 
gigantic  proportions  which  similar  deposits  attain  in  Thiiringerwald. 
In  Annandale  and  some  parta  of  Dumfriesshire  and  in  the  Eden 
Valley  the  breccias  form  the  base  of  the  series ;  but  in  the  Valley  of 
the  Nitli,  on  the  west  of  Penrith,  and  in  the  section  from  **  Great 
Ormside  to  Roman  Fell,"  the  base  is  made  up  of  massively-bedded 

1  Fide  Q.J.G.S.  vol.  xviii. 
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sandstones,  wbioh  in  one  place  attain  the  thickness  of  2000,  and  in 
another  the  enormous  thickness  of  5000  feet  (Harkness,  loc,  supra  ciL), 
Later  and  more  detailed  examination  of  this  district  by  the  officers 
of  H.  M.  G^logical  Survey  has  shown  that  the  main  masses  of  the 
"Penrith  Sandstone,"  whose  great  dimensions  have  just  been  men- 
tioned, are  upon  the  whole  homotaxial  with  the  principsl  breociated 
masses  known  as  the  "  Brockram  *' ;  so  that  the  relation  of  these  two 
diief  members  of  the  series,  as  they  pass  horizontally  into  one 
another,  may  be  roughly  represented  by  the  following  diagram,  for 
which  I  am  indebted  to  the  kindness  and  courtesy  of  J.  H.  Oood- 
child,  Esq.,  of  the  Geological  Survey : — 


Penrith* 


Appleby. 


Kirkby  Stephen. 


Older  Palaeozoic  Eocks  (highly  inclined). 

These  few  facts  presented  by  our  north-western  area  must  make  us 
hesitate  before  we  pronounce  the  strata  which  occur  there  to  be 
"  coloured  Upper  Coal-measures,"  or  even  "  stained  Carboniferous  "  ; 
indeed,  if  any  weight  at  all  is  to  be  allowed  to  a  oomparison  of  them 
with  the  facts  presented  in  the  Rothliegende  of  Germany,  we  can 
hardly  do  so,  without  classifying  that  great  formation  of  the  Conti- 
nent also  with  the  Carboniferous.  Until  we  are  prepared  to  do  this, 
we  must,  it  seems  to  me,  from  the  evidence  before  us,  admit  that 
there  is  to  be  found  in  the  Eden  Valley  and  the  adjoining  country 
a  true  equivalent  of  the  lower  Dyassic  formation  of  the  Continent 
These  remarks  apply  of  course  only  to  the  strata  which  have  been 
mentioned;  the  Upper  Sandstone  series  known  as  the  "St.  Bee's 
Sandstone"  is  excluded,  for  reasons  already  given.  With  this 
limitation  the  Permians  of  the  Carlisle  Basin  will  bear  comparison 
npon  the  whole  with  the  Rothliegende  of  Germany  in  several  places, 
and  especially  in  those  parts  where  it  is  not  succeeded  by  the  Zech- 
Btein  formation.  I  go  further,  and  make  bold  to  say  that  they  bear 
oomparison  with  the  great  Permian  series  of  Russia  (at  least  with 
the  lower  portion  of  that  series),  where,  in  a  completely  undisturbed 
area  extending  from  Moscow  to  the  Ural  Mountains  and  north  to  the 
shores  of  the  Arctic  Ocean,  the  interbedded  calcareous  and  doloraitic 
deposits,  with  their  contained  fossils,  show  what  were  the  prevalent 
marine  conditions  in  an  area  free  from  the  direct  influence  of  dis- 
tnrbing  agencies,  during  a  time  when  large  portions  of  the  German 
and  British  areas  were  thrown  into  tumultuous  confusion. 

{To  be  concluded  in  our  next  Number,) 
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VI. — Tracks  of  a  Great  Post-Glagial  Flood. 

II.  Eyidemce  of  tue  Loams  and  Briok-earths. 
By  H.  H.  HowoRTH,  F.S.A. 

THE  best  test  of  the  difficulty  of  an  inquiry  is  the  number  of 
theories  which  its  solution  has  evolved.  If  we  test  the  subject- 
matter  of  the  present  communication  in  this  way,  we  shall  be  assured 
that,  second  only  perhaps  to  the  Loess,  which  has  occupied  us  pre- 
viously, it  may  claim  pre-eminence  for  the  difficulty  of  the  problems 
which  surround  it  We  only  venture  upon  a  tentative  solution. 
Such  a  solution  is  in  effect  the  only  one  which  is  available  in 
science  at  all ;  for  to-morrow*s  fiercer  light  is  certain  to  throw  out  of 
perspective  some  of  to-day's  most  cherished  convictions ;  and  finality 
is  outside  the  pale  of  all  living  and  fertile  inquiry. 

In  our  examination  of  the  Loess  we  saw  reason  to  conclude 
that  it  is  very  largely  an  accidental  feature  in  surface  geology. 
That  so  far  as  we  can  make  out,  it  is  largely  due  to  the  outpouring 
of  quantities  of  volcanic  mud,  which  swept  over  and  mingled  witii 
the  disintegrated  beds  which  previously  occupied  the  same  area,  at 
the  time  when  the  great  cataclysm  occurred,  which  forms  such  a 
clear  barrier  between  Palseolithic  man  and  his  companions  and  those 
who  came  after. 

If  we  therefore  eliminate  this  accidental  and  transitory  feature 
from  our  view,  and  realize  the  state  of  things  before  the  Loess  was 
poured  out,  we  shall  find,  as  we  believe,  that  Europe,  north  of  the 
Balkans  and  the  Alps,  may  be  divided  into  two  well-marked  zones : 
the  northern  one  characterized  by  surface  deposits  consisting  of 
Drift  and  the  various  boulder  formations ;  and  the  southern  by  the 
absence  of  these  boulder  formations,  and  the  presence  of  a  great 
mantle  of  loam  with  associated  gravels  and  sands.  This  loam  is 
not  found  in  Northern  Europe,  and  marks  a  belt  or  zone  which  was 
once,  as  I  believe,  continuous  from  the  Volga  to  the  Atlantic.  It 
occupies  a  large  area  in  Southern  Russia  south  of  the  Chernozem,  and 
is  known  to  the  Russian  geologists,  as  the  same  deposit  is  known  to 
the  French,  as  Diluvium.  Mr.  Belt  tells  us  that  in  1875,  while 
detained  at  Wolochisk,  in  the  province  of  Volhynia,  near  the  Russian 
frontier,  he  found  in  the  clay  that  had  been  thrown  out  of  a  well 
shells  of  Succinea  oblonga  and  Pupa  muacorumf  which  are  very 
characteristic  shells  of  the  French  loamy  deposits.  This  clay  caps 
the  high  plateau  which  forms  the  steppes  of  Southern  Russia,  and 
may,  he  says,  be  traced  for  hundreds  of  miles.  He  further  adds, 
"  On  my  return  from  a  visit  to  Southern  Russia  during  the  present 
year  (i.e.  1876),  I  determined  to  examine  this  clay,  which  is  *the 
Diluvium '  of  the  Russian  geologists,  nearer  to  the  mountains,  and 
for  that  purpose  stayed  twelve  hours  at  Pod  wolochisk  in  Galicia.  I 
was  greatly  gratified  by  finding  Loess  shells  (i.e.  the  very  shells  that 
are  found  in  the  French  Diluvium)  in  abundance."  —  Quarterly 
Journal  of  Science,  vol.  xiv.  pp.  74-5. 

The  areas  occupied  by  Diluvium  in  Southern  Russia  and  in  France 
are  now  separated  by  the  Loess.    Before  the  outpouring  of  the  latter, 
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I  l)elieve  that  it  was  perfectly  continuous  from  one  area  to  the  other. 
Where  we  can  trace  its  junction  with  the  Loess  distinctly,  we  find 
that  the  latter  has  overlapped  it,  as  we  should  in  fact  expect,  if  it 
were  poured  out  over  it,  and  it  seems  in  every  way  very  prohable 
that  Central  Europe  was  once  covered  with  the  same  mantle  of 
loam  that  is  ibund  in  France  and  Spain  on  the  one  hand,  and  the 
Bassian  steppes  on  the  other,  which  was  buried  under  or  mingled 
with  the  Lower  Loess  when  it  was  poured  out.  Traces  of  this 
sophistication  are  not  hard  to  find.  Thus  Mr.  Belt  has  remarked 
the  continnity  of  the  Loess  and  the  so-called  Diluvium  in  Austria ; 
while  Sir  Charles  Lyell  says,  speaking  of  the  deposits  of  the  valley 
of  the  Neckar,  near  Tubingen,  generally  claimed  as  Loess,  *'  I  found 
the  fluviatile  loam  or  brick-earth,  inclosing  the  usual  Helices  and 
SuceinecB  together  with  the  bones  of  the  Mammoth,  very  distinct  in 
colour  and  composition  from  ordinary  Rhenish  Loess"  (Anti(juity  of 
Man,  p.  380).  If  />  •    **'  *'■      ^  ^^  i^^< 

This  paper  will  be  limited  to  the  consideration  of  the  zone  of 
loamy  deposits,  and  in  it  we  shall  have  nothing  to  say  of  the  Drift 
deposits,  or  those  marked  by  boulders  and  erratics,  bat  we  must 
limit  ourselves  still  further. 

In  Northern  France  the  mantle  of  loam,  as  M.  d'Archiao  has  shown 
by  numerous  examples ;  in  South  Britain,  as  is  familiar  enough  to 
those  who  have  studied  the  surface  deposits  of  Kent  and  Sussex,  in 
the  case  of  the  sophisticated  loam  that  has  mingled  with  the  Loess 
in  Central  Europe  and  also  in  Russia,  the  loam  overlies  and  is 
spread  over  beds  of  gravel  and  sand.  The  succession  has  been  very 
much  obscured  in  many  places  by  denudation ;  but  where  we  can 
examine  it  in  an  area  that  has  not  been  much  altered  subsequently, 
this  is  generally  the  result.  The  gi'avels  and  sands  which  underlie 
the  loamy  strata  form  no  part  of  our  present  subject.  They  are 
often  classed  and  treated  together  with  the  loam,  and  this  is  natural, 
since  there  can  be  small  doubt  about  their  being  contemporaneous ; 
but  it  is  convenient  to  treat  them  separately,  and  we  shall  in  the 
present  paper  limit  ourselves  entirely  to  the  loamy  deposits. 

These  loamy  deposits  are  known  in  a  large  part  of  France  and  ' 
Belgium  as  Diluvium,  Limon  de  Hesbaye,  Limon  des  plateaux,  terre 
a  hriques,  etc.,  and  on  our  side  of  the  Channel  as  Brick-earth.  They  • 
vary  somewhat  in  character.  In  the  case  of.  the  Diluvium,  the  loam 
is  mingled  with  sharp-edged  flints,  while  these  are  largely  absent 
from  the  limon  and  the  brick -earths ;  but  there  can  be  no  doubt  that 
the  view  generally  held  that  all  these  loamy  deposits  are  on  one 
horizon,  and  belong  to  one  epoch,  is  well  founded.  They  are  all 
marked  by  the  presence  of  the  same  land  shells,  the  bones  of  the 
Mammoth  and  his  companions,  and,  more  important,  by  the  more 
specialized  works  of  primitive  man,  and  their  difference  of  texture 
can  be  easily  explained.  Tlie  first  problem  that  has  to  be  solved  is, 
what  is  the  origin  of  these  loams?  and  the  next,  how  did  they 
come  to  be  distributed  as  we  now  find  them  ?  In  regard  to  their 
origin,  the  evidence  is  very  much  what  it  is  in  the  case  of  the 
Loess-     The  absence  of  marine  or  fluviatile  debris,  the  presence  of 
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flints  with  sharp  edges  showing  they  have  not  heen  waterwom,  the 
presence  in  large  numbers  of  intact  land  shells  which  are  essentially 
fragile,  the  similar  presence  of  remains  of  land  animals,  and  of  the 
works  of  man,  all  point  in  one  direction  only,  and  preclude  the 
notion  that  these  loams  are  either  marine,  lacustrine,  or  fluviatila 
In  regard  to  their  texture,  the  evidence  points  the  same  way,  and 
the  following  sentence  of  Mr.  Belt,  arguing  against  their  fluviatile 
origin,  seems  to  contain  a  just  conclusion;  he  says,  "The  brick 
clay  that  overlies  the  gravel  is  considered  by  Professor  Prestwich 
to  be  inundation  mud.  We  have  silty  deposits  now  forming,  or 
lately  formed,  on  the  low  flats  adjoining  the  Thames :  they  consist 
of  dark  blue  clay,  with  remains  of  vegetation  and  land  and  fresh- 
water shells.  Sometimes  peat  beds  occur.  The  brick  clay,  on  the 
other  hand,  is  a  homogeneous  unstratified  brown  clay,  without  any 
organic  remains." — Quart.  Journal  of  Science,  vol.  viii.  N.S.  p.  346. 

The  view  as  to  the  origin  of  the  loams,  which  seems  supported 
by  overwhelming  evidence,  is  the  one  maintained  by  Professor 
Eamsay  when  Mr.  Eingsmiirs  paper  on  the  Loess  was  read  before 
the  Geological  Society,  namely,  that  the  Brick-earths  of  our  southern 
counties  and  the  loams  of  Picardy  are  of  subaerial  origin.  The  beds 
have  all  the  character  of  subaerial  beds,  and  I  have  very  little  doubt 
that  these  loams  represent  the  old  land  surface  upon  which  the 
Mammoth  and  his  companions  lived.  If  it  be  not  so,  the  burden 
of  proof  seems  most  certainly  to  lie  upon  those  who  maintain  the 
contrary. 

Having  considered  the  origin  of  the  loam,  we  may  now  turn 
to  what  more  immediately  concerns  us,  namely,  its  distribution. 
There  is  one  remarkable  feature  about  it  to  which  attention  has 
not  been  sufficiently  attracted.  The  Diluvium  in  France  and  in 
Belgium  and  the  Brick-earths  in  South  Britain  agree  in  this  cardinal 
factor — that  they  are  all  separable  into  two  well-marked  forms : 
one  stratum  bearing  all  the  marks  of  being  largely  in  situ  and  un- 
disturbed ;  and  the  second  stratum  being  markedly  disturbed. 

In  regard  to  the  Diluvium  of  the  French  writers,  the  fact  has  long 
been  familiar.  One  form  of  it  is  known  as  diluvium  gris,  while  the 
other  one  is  called  diluvium  rouge.  For  a  long  time  a  dispute  pre- 
vailed among  French  writers  as  to  whether  the  two  are  essentially 
distinct,  or  whether  the  diluvium  rouge  is  not  an  altered  and  sophis- 
ticated layer  of  the  grey  diluvium ;  its  ruhification,  to  introduce  a 
French  phrase  of  M.  Vanden  Broeck,  being  due  to  the  infiltration  of 
water  containing  acids.  The  best  opinion  now,  and  the  one  gene- 
rally held,  is  that,  although  there  is  a  certain  diflference  between  the 
two  strata,  the  pebbles  in  the  diluvium  rouge  being  more  rolled  than 
in  the  other,  while  there  is  a  greater  scarcity  in  it  of  those  mam- 
malian remains  which  characterize  so  richly  the  diluvium  gria,  that 
nevertheless  there  is  a  complete  continuity  between  the  two,  and  that 
they  belong  essentially  to  one  horizon. 

The  diluvium  gris,  with  its  numerous  remains  of  a  land  fauna 
and  abundant  land  shells,  represents  the  old  land  surface  upon 
which  the  Mammoths  lived,  in  aiiu,  and  largely  undisturbed.     It 
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18  found  almost  entirely  in  the  valleys  where   sahaerial 
are  natandly  deTeloped  on  the  largest  scale,  and  where 
least  distarbed,  and  not  distributed  over  the  high  ground,  wl 
deposits  are    naturally   scarce,   and   where^  when  they  oc 
generally  postulate  that  they  are  not  indigenous,  but  import 

The  dilmrium  rouge,  on  the  other  hand,  is  found,  not  only 
the  da7ttriiiM  gris^  but  also  distributed  independently  of  the 
and  of  the  river-oourses,  and  covering  the  higher  gjound 
plateaux  where  it  often  lies  immediately  on  the  subjaeen 
In  Picardy  and  Xortliem  France,  and  in  Belgium,  we  ha' 
a  complete  parallel  with  this.  We  have  in  the  valleys  ai 
tnrbed  deposit  called  indifferently  dilmrium  grts  or  dilm 
valUes  ;  while  superimposed  upon  it,  and  also  stretching  he 
limits  far  away  over  bill  and  dale,  exactly  like  the  dilurin 
we  have  the  mantle  of  surface  loam  calleil  Limon  de 
Limon  des  plateaux,  etc.  M.  d'Acy  has  recently  written 
elaborate  and  learned  essay  on  this  deposit,  entitled  **  Le  Li 
Plateaux  du  Nord  de  la  France."  With  the  views  he  mail 
ingeniously,  and  with  such  a  fund  of  evidence,  I  most  ooi 
agree.  He  shows  that  this  **  Limon  "  is  perfectly  continn« 
the  diluvium  grts,  that  it  corresponds  precisely  with  the 
rouge,  and  that  its  mode  of  distribution  can  only  be  expl 
a  great  inundation.  I  shall  revert  to  his  memoir  presently, 
while,  I  would  reaffirm  tvhat  I  have  already  urged,  that  tt 
deposits  of  Central  Europe,  where  we  can  examine  them, 
two  distinct  forms  of  deposition.  One,  in  situ,  known  as 
gris,  diluvium  des  vallees,  etc.,  equivalent  to  the  Brick-earth 
Thames  Valley.  The  other,  the  dilurium  rouge,  limon  des  j 
upland  loam  or  trail,  having  all  the  appearance  of  being 
disturbed.  I  shall  endeavour  to  show  that  the  cause  of  this 
anee  was  the  same  whose  traces  we  have  met  with  in  i] 
parts  of  this  inquiry,  namely,  a  widespread  inundation. 

In  regard  to  the  stratum  in  sitA,  I  would  confine  mysel 
argument  only,  drawn  from  the  discontinuous  nature  of  this 
If  there  had  not  been  some  denuding  agency  at  work  on 
and  wide  scale  since  this  stratum  was  deposited,  we  should  a 
have  found  it  still  remaining  in  a  continuous  layer  in  the 
but  this  is  not  so.  Nothing  is  more  familiar  than  the 
character  of  the  patches  of  Brick-earth  which  are  foun<l  in  th 
of  South  Britain.  The  same  is  the  case  with  the  diluviun 
France.  Tliese  patches  and  local  seams  are  the  mere 
which  has  not  been  denuded.  What  possible  cause  was  cc 
to  break  up  and  disintegrate  this  once  continuous  mantle  < 
and  to  leave  these  debris  of  it  still  remaining?  The  Glacir 
had  passed  by  long  before.  Besides,  glaciers  or  ice  in  any  shaj 
have  scooped  out  the  whole  of  these  soft  deposits,  if  it  ha( 
over  them  and  ground  them  and  their  contents  to  uniform 
be  deposited  elsewhere ;  but  there  is  not  a  fragment  c 
evidence,  so  far  as  we  know,  of  glacial  conditions  having 
to  this  period.     A  great  rush  of  waters  would  effectually  wa 
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lai'ge  portions  of  the  soft  loams,  and  such  a  flood  is  what  we  in 
fact  invoke.     But  let  us  turn  to  the  upper  stratum,  and  see  what  a 
consistent  and  overwhelming  story  it  has  to  tell.     As  I  have  said, 
this  upper  layer  in  France  and  Belgium,  where  it  is  known  as 
diluvium  rouge  and  Limon  des  plateaux,  is  spread  over  the  whole 
country  from  the  bottoms  of  the  valleys  right  over  the  plateaux, 
independent  of  the  local  drainage  of  the  district     It  is  very  widely 
distributed   in   France  and  Spain,  and  sometimes,  like  the  Loess, 
is  found  in  deposits  of  considerable  thickness.     It  has  been  found 
overlying  the  sands  of  the  Landes  near  Bordeaux,  and  also  in  the 
neighbourhood  of  Madrid,  in  Spain,  and  extending  over  the  plateau 
of  New  Castile.     It  is  found  at  heights  varying  from  40  metres,  near 
Paris,  to  660  metres  near  Madrid.     Elsewhere  it  is  also  found  at 
great  heights.   M.  Tardy  tells  us  he  met  with  it  in  1871  on  the  Col  del' 
£remo,  on  the  colline  of  Tumi,  at  a  height  of  600  feet.      After- 
wards he  met  with  it  on  the  high  plateaux  between  le  Puy  and  Meude, 
and  between  the  latter  village  and  Saint  Flour,  at  points  80<)  metres 
high.     He  tells  us  further  that  it  contained  pebbles  with  their 
edges  rubbed.     This  widely-distributed  deposit,  occurring  thus  on 
high  ground  far  beyond  the  reach  of  any  possible  fluviatile  action, 
apart  altogether  from  the  river  drainage  of  the  country,  can  surely 
only  be  accounted  for,  like  the  similar  occurrence  of  the  Loess,  by 
a  huge  diluvial  flow  of  waters.     There  is  no  pretence  for  invoking 
marine  action,  for  there  are  no  marine  remains,  and  the  French 
geologists  who  have  examined  the  problem  have  been  compelled  to 
accept  this  explanation.     This  view  explains  at  once  why  we  should 
find  diluvium  containing  no  lime  spread  over  large  districts  where 
limestone  is  the  prevailing   rock,  and  where  that  element  would 
undoubtedly  have  been  markedly  present  if  the  deposit  had  been 
indigenous,  and  the  product  of  disintegration  of  the  subjacent  strata 
by  fluviatile  or  other  action,  and  not  transported  bodily  by  a  strong 
flood  from  another  district     Such  a  flood  accounts  for  the  rolling  of 
the  pebbles  occurring  in  the  dtluvium  rouge.     It  accounts  again  for  the 
marked  absence  of  any  but  traces  of  the  bones  of  the  big  mammals 
in  it.     On  the  higher  ground  their  carcases  would  be  swept  along 
into  the  lower  ground  in  the  valleys,  while  the  flood  would  make 
a  clean  sweep  of  them  from  the  plateaux,  and  deposit  them  below 
as  it  deposited  the  larger  boulders. 

Let  us  now  turn  to  the  conclusions  drawn  from  these  facts  by  the 
continental  geologists  who  have  examined  them  so  minutely  on  the 
spot  M.  Belgrand,  the  well-known  author  of  "La  Seine  aux  ages 
ante-historiques,"  has  written  a  great  deal  on  the  subject  In  a 
notice  of  his  scientific  work  inserted  by  M.  Alexis  Delain  in  the 
8th  volume  of  the  3rd  series  of  the  Bulletin  of  the  French  Geolo- 
gical Society,  pages  Ixv-lxxix,  there  is  condensed  for  us  the  result 
of  his  researches,  which  is  very  interesting  in  view  of  the  contro- 
versy raised  in  these  papers.  He  goes  deliberately  through  a 
number  of  forcible  reasons  why  the  conditions  can  only  be  explained 
by  the  predicate  of  a  huge  diluvial  movement,  which  he  expressly 
styles  "  unique  et  violent"     The  passages  are  too  long  to  quote,  but 
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they  must  be  read  by  those  who  want  to  understand  the  real  con- 
ditions of  the  problem,  and  who  will  find  in  them  matter  for  deep 
reflection,  and  naturally,  for  their  author  was  a  very  patient  inquirer, 
who  was  equally  skilled  as  a  geologist  and  an  engineer,  and  what 
he  had  to  say  on  a  subject  he  had  studied  so  long  is  naturally  of  the 
greatest  authority.  The  cumulative  character  of  the  proofs,  the 
number  of  curious  facts  which  are  brought  to  bear,  geological, 
palseontological,  dynamical,  and  mechanical,  all  tending  to  one  con- 
clusion, is  certainly  very  convincing. 

M.  Belgrand  contributed  a  memoir  to  the  Brussels  Congress  of 
Anthropology,  which  is  more  readily  quoted.  In  this  memoir  he 
says  :  **  Many  other  facts  tend  to  prove  that  a  great  mass  of  waters 
has  ploughed  up  the  plains  of  the  North  of  France  and  of  Belgium. 
I  do  not  mean  to  say  that  there  did  not  exist  depressions  in  these 
plains,  but  all  bear  the  marks  of  a  violent  flood  of  water.  .  .  .  These 
diluvial  currents  were  destructive  and  were  consequently  charged 
with  a  great  quantity  of  earth.  It  was  a  veritable  sea  of  mud  which 
was  moved.  .  .  .  The  diluvial  currents  which  modelled  the  valleys 
have  passed  over  all  the  plains  of  the  North  of  France  and  of 
Belgium,  and  when,  in  consequence  of  the  lowering  of  the  waters, 
the  currents  lost  their  force,  they  have  let  fall  this  double  deposit ; 
coarse  at  the  base,  and  fine  above.  Tlie  slightly  undulating  plateaux 
like  those  of  Belgium,  French  Flanders,  Picardy,  the  Pays 
de  Caux,  the  Vescin  both  French  and  Norman,  etc.,  etc.,  have 
preserved  this  muddy  deposit  universally  of  an  ochreous  colour, 
and  it  is  known  as  red  loam  (liman  rouge).  Above  it  is  the  vegetable 
soil  and  the  brick-earth  of  Belgium  and  the  North  of  France.  .  .  . 
The  currents  which  excavated  the  valleys  have  thrown  down  on  the 
convex  surfaces  of  the  comers  or  turning  angles  (tournanta)  the  solid 
material  excavated  from  the  concave  sides  of  the  valleys  or  dragged 
by  the  water  from  the  bottoms  of  the  valleys,  forming  what  are 
called  terraces.  Eventually,  when  the  waters  subsided,  the  double 
layer  of  sediment  (t.e.  the  coarse  and  fine)  was  spread  over  these 
terraces.  Sometimes  it  has  penetrated  into  the  body  of  the  ter- 
raced deposits,  sometimes  it  remains  in  two  layers  upon  their  surface 
(Comte  Rendu,  p.  133). 

M.  Tardy,  in  a  communication  to  the  French  Geological  Society, 
speaks  as  follows  : — "  From  a  comparison  of  the  evidence  furnished  by 
the  Cone  de  la  Tiniere  to  M.  Morlot,  with  that  of  the  Saone,  and 
with  the  results  of  the  studies  of  M.  Debray  on  the  turbaries  of 
Ancre,  we  must  conclude  that  at  the  commencement  of  the  Neolithic 
age  the  climate  still  felt  the  effects  of  the  Quaternary  period,  which 
came  to  an  end  hy  a  great  cataclysm.  In  truth,  the  worked  flints  of 
Solutre  (Palfieolithic  implements),  which  have  been  found  in  the 
marls  in  the  valley  of  the  Saone,  and  the  first  traces  of  the  Neolithic 
age,  there  are  about  two  metres  of  deposits  which  indicate  a  lacuna, 
a  hiatus,  a  complete  absence  of  man,  when  they  were  deposited.  At  the 
base  of  this  formation  of  two  metres  thickness  is  a  deposit  which  we 
can  trace  over  all  the  plateaux.  This  deposit  of  slight  thickness  has 
^fsn  left  hy  a  current  sufficiently  violent  to  turn  ouer  all  the  bo\j^d,er% 
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which  it  encountered  and  tvfficiendy  charged  with  mud  to  cover  them 
with  a  coating  of  a  red  clayey  character.  .  .  .  This  cataclysm 
evidently  preceded  the  Neolithic  civilization,  and  sacoeeded  the 
Palsolithio  one.  As  to  its  duration  I  can  say  nothing.  Nevertheless, 
its  violence,  and  the  small  deposit  it  left  hehind,  would  suggest  that 
it  was  only  of  short  duration"  (Tardy,  Classification  de  Tepoque 
qiiatcmaire,  BulL  Soc.  Geol.  de  France,  3rd  ser.  vol.  vi.  pp.  401,  402). 

Again  we  are  told  the  dilutnum  rouge  at  such  places  as  Bresse, 
where  it  can  he  easily  distinguished,  and  where  it  occupies  the 
summits  of  the  plateaux,  could  only  be  the  product  of  the  action  of 
a  mass  of  water  covering  the  whole  plateau  at  a  period  posterior  to 
the  Quaternary  formation,  and  anterior  to  the  Neolithic  and  modem 
deposits  {id.  voL  vii.  p.  507). 

M-  d'Archiac,  speaking  of  the  deposit  we  are  discussing,  as  it 
occurs  in  the  department  of  the  Aisne,  says,  "  It  appears  to  be  the 
result  of  a  considerable  inundation  coming  from  the  south-east, 
and  which  has  enveloped  with  a  vast  mantle  the  valley  of  the 
Hhine,  a  part  of  Bhenish  Prussia,  Holland,  Belgium,  and  the  North 
of  France." — (Descr.  geol.  de  l* Aisne,  p.  67.)  Again,  speaking  of  the 
department  of  the  Oise,  he  concludes  that  the  layer  of  clay  and  sand 
{diluvium  gris)  of  the  valleys  there  is  identical  in  origin  with  the 
layer  covering  the  plateaux,  and  says  their  "  diflference  merely  marks 
two  phases  of  the  same  phenomenon,  and  depends  on  the  swiftness, 
depth,  and  direction  of  the  waters  at  various  points.  Where  the 
current  was  the  deepest  and  swiftest,  i.e.  at  the  opening  of  the 
secondary  valleys  into  the  primary  ones,  the  diluvium  containing 
flints  is  thicker,  the  flints  are  more  rounded,  and,  if  the  neighbour- 
ing heights  are  of  Tertiary  strata,  there  is  found  in  it  fragments  of 
the  rocks,  shells,  and  sands,  which  form  these  deposits,  mixed  wiih 
flints  from  the  chalk.  The  alluvion  ancienne  {i.e.  the  upper 
diluvium  and  limon  des  plateaux  of  other  writers)  is  more  sandy 
and  fine,  and  the  shells  gradually  diminish  in  numbers  as  its  texture 
gets  finer,  and  we  get  on  to  higher  ground." — (Essai  sur  la  top.  geog. 
du  dep.  de  TOise,  p.  529.)  All  this  surely  points  to  the  mantle 
having  been  distributed  by  a  great  flood  of  water.  Again,  the  same 
author  says,  **  These  deposits  are  not  stratified  in  the  true  sense  of  the 
word,  lliey  do  not  occur  in  regular  layers,  continuous  and  distinct, 
like  the  sediment  formed  in  the  sea  or  in  lakes.  The  inequality 
of  their  density,  the  different  levels  at  which  they  occur,  their  dis- 
continuity, and  the  variability  of  their  character,  are  all  proofs  that 
they  owe  their  origin  to  torrential  waters,  irregular  in  their  volume 
ind  their  power  of  transporting  materials,  which  have  carried  along 
with  the  debris  of  the  surrounding  rocks  the  bones  of  the  mammals 
which  formerly  inhabited  the  district.  These  latter  become  rarer 
as  we  leave  the  bottoms  of  the  valleys,  and  in  the  ancient  alluvium 
one  hardly  finds  any  of  them,  and  such  as  there  are,  are  always 
somewhat  altered.  We  may  conclude  that  the  first  torrents  which 
swept  over  the  country  swept  into  the  valleys  all  they  met  with  on 
the  surface." — (Bull,  de  la  Soc.  Geologique,  1845,  p.  336.) 

M.  Trutat,  in  speaking  of  these  deposits,  distinguishes  them  sharply. 
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from  any  deposits  going  on  at  this  moment ;  the  latter  are  horizontal, 
and  do  not  mantle  the  sides  of  the  valleys ;  the  former  do  so,  and  are 
spread  over  them  independently  of  the  irregularity  of  their  surfaoe 
^a  Terrain  Quatemaire  et  de  TAnciennete  de  THomme,  dans  le 
Nord  de  la  Franoe,  p.  17). 

{To  bt  wneluded  in  our  next  Number.) 
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An   Old   Chaptbk    in    thb    Oboi^ooioal  Rboord    with   a   Nbw 
Intbrpbbtation  ;   or  Kogk  Mbtamorphism  (bspboiallt  of  thb 
Mbthtlosed  Kind)  and  its  Rbsultant  Imitation  of  Organ- 
isms.    With  an  Introduction  giving  an  Annotated  Histort 
OF  THB  Controversy  on  thb  so-oallbd  *'  Eozoon  Canadensb/' 
and  an  Appendix.    By  Professors  King  and  Rowney.    pp.  183 
(including  introduction),  with  outs,  and  9  coloured  plates.     (Van 
Voorst,  1881.) 
rilHE^«<  portion  of  this  work  deals  with  the  question  of  "  Eozoon  " 
X    And  of  simulation  of  organized  structures  generally.   The  second 
deals  with  the  question  of  wholesale  substitution  in  rock  masses. 

1.  Simulation  of  organized  structures. — The  spirit  of  controversy, 
if  kept  within  reasonable  limits,  is  beneficial  to  the  progress  of 
science,  as  it  serves  to  fix  the  attention  of  many  who  would  other- 
wise feel  but  a  languid  interest  in  questions  involving  much  technical 
knowledge,  and  therefore  beyond  the  detailed  criticism  of  geologists, 
the  majority  of  whom  must  plead  ignorance  to  anything  beyond  an 
elementary  knowledge  of  foraminiferal  structure.  As  regards  the 
disputants  themselves,  it  is  probable  that  the  arguments  on  either  side 
make  but  little  impression  on  them :  their  views  have  been  for  the 
most  part  well  "  set  "  at  an  early  period,  and  are  only  hardened  as 
it  were  by  every  stage  in  the  discussion. 

The  great  **  Eozoon  '*  controversy  has  now  been  waged  for  well- 
nigh  twenty  years,  and  we  are  happy  to  say  that  the  principals  are 
still  as  vigorous  as  ever.  Messrs.  Dawson,  Carpenter,  and  Sterry 
Hunt  on  one  side*  Messrs.  King  and  Rowney  on  the  other.  The 
biologists  favourable  to  "  Eozoon  "  had  an  important  auxiliary  in 
Sterry  Hunt,  whose  diagenetic  doctrines  with  reference  to  the 
Archsean  rocks  came  in  very  opportunely.  Moreover,  such  eminent 
mineralogists  and  petrographers  as  Sorby  and  David  Forbes  are 
reported  to  have  altogether  disowned  "  Eozoon"  as  a  mineral,  whilst 
Bonney,  in  the  discussion  after  his  paper  on  the  Lizard  Serpentine, 
avowed  his  belief  in  the  organic  nature  of  •*  Eozoon.**  Hence  it 
cannot  be  said  that  Drs.  Dawson  and  Carpenter  have  received  no 
support  from  mineralogists,  though  these  latter  have  not  perhaps 
given  any  very  active  assistance  excepting  in  the  case  of  Sterry  Hunt. 
In  point  of  fact,  some  ten  or  twelve  years  ago  the  case  for 
"  Eozoon  '*  seemed  to  have  been  concluded  in  the  affirmative  as 
arlmitted  by  Warington  Smyth.  It  W8is  accepted  as  satisfactory  by 
nearly  all  the  leading  geologists,  such  as  Lyell,  Logan,  Ramsay, 
etc.,  etc.     The  latter  **  bad  been  struck  long  ago  by  the  organio 
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appearance  of  the  structure  now  regarded  as  Eozoon.  He  had  also 
felt  a  difficulty  in  accounting  for  the  existence  of  large  masses  of 
limestone,  except  by  the  operation  of  organisms  living  in  the  sea, 
in  which  such  deposits  had  been  formed.  He  could  not  imagine  the 
sea-water  so  overcharged  with  calcareous  matter  as  spontaneously 
to  deposit  limestone.**^  Thus  cherished  by  the  most  eminent 
students  of  the  protozoa,  accepted  by  the  chief  geological  surveyors, 
and  not  doubted  by  many  of  the  best  known  mineralogists  and 
petrographers,  it  is  no  wonder  that  Eozoonism  was  triumphant  at 
the  Geological  Society,  and  that  Messrs.  King  and  Rowney  oould 
but  obtain  the  publication  of  an  abstract  of  their  second  paper 
written  in  opposition  to  the  then  prevailing  ideas  (1868). 

It  is  a  somewhat  singular  circumstance  that  hardly  any  French 
author — if  we  may  judge  from  the  **  introduction  " — ^has  interested 
himself  in  the  question  of  "  Eozoon,"  whilst  the  (Jermans.'  on  the 
contrary,  have  paid  great  attention  to  it,  and  for  a  long  time  were 
strong  believers  in  its  organic  origin.  The  objections  of  Zittel  and 
the  defection  of  Mobius  in  later  years  have  caused  many  people  both 
in  England  and  Germany  to  look  upon  the  "  creature  of  the  dawn  " 
as  possibly  a  kind  of  Archeean  Bathybiua  in  close  genetic  connexion 
with  its  modem  representative.  The  case  of  Mobius  is  a  very  strong 
one.  With  every  wish  to  believe  he  was  unable  to  do  so.  "  My 
task,"  says  he,  *^  was  to  examine  Eozoon  from  a  biological  point  of 
view.  I  commenced  it  with  the  expectation  of  finding  that  I  should 
succeed  in  establishing  its  organic  origin  beyond  all  doubt,  but  facts 
led  me  to  the  contrary.  When  I  first  saw  the  beautiful  stem- 
systems  in  Prof.  Carpenter's  sections,  I  became  at  once  a  partizan  of 
the  view  of  Professors  Dawson  and  Carpenter ;  but  the  more  good 
sections  and  isolated  stems  I  examined,  the  more  doubtful  became  to 
my  mind  the  organic  origin  of  Eozoon,  until  at  last  the  most  mag- 
nificent *  canal-systems '  taken  altogether  and  closely  compared  with 
foraminiferal  sections  preached  to  me  nothing  but  the  inorganic 
character  of  Eozoon  over  and  over  again." — (Nature,  July  24, 1879.) 
The  authors  are  far  from  being  satisfied  with  Mobius,  and  declare 
that  his  foraminiferal  arguments  are  little  more  than  an  amplification 
of  points  advanced  by  Mr.  J.  H.  Carter  and  themselves. 

In  concluding  this  short  abstract  of  the  history  of  the  controversy, 
it  should  be  mentioned  that  experts  in  "  Eozoon  "-structure  have 

1  This  is  of  course  totally  opposed  to  Sterry  Hunt's  "precipitation"  yiews. 

*  It  would  sec-m  that  the  iaea  of  tracing  organized  snmcture  in  rock  sections  has 
recently  become  quite  a  mania  with  some  Germans.  This  peculiarity  has  culminated 
in  Hahn's  "  Urzelle,"  and  above  all  in  his  •*  Die  Meteorite,"  where  32  quarto  plates 
are  devoted  to  photographs  of  sections  of  meteorites,  which  are  supposed  to  show 
structure  like  tnat  of  corals,  crinoids,  etc.  In  many  of  the  photos  there  is  an 
appearance  which  is  evidently  due  to  the  effects  produced  by  the  section  of  some 
orthorhombic  mineral —probably  enstatite.  In  the  last  table  of  plates  there  is  a 
photo  which  certainly  is  very  foraminiferal,  but  returning  to  the  explanation  of 
plates,  we  find,  instead  of  a  celestial  nummulite  or  aerial  Eozoon,  the  disappointing 
words  "  Xummulit  von  Kempten."  Still  more  recently  Herr  P.  F.  Reinsch  has 
published  an  elaborately  illustrated  work,  *'  Microstructur  der  Steinkohle,"  whtre 
some  of  the  plumose  figures  intended  for  organisms  have  a  most  suspicious  resem- 
blance to  radiations  of  calcite  or  other  mineral  deposit. 
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aoqnirad  appetite  by  eating,  sinoe  some  of  them  have  been  pleased 
to  claim  that  graphic  granite,  for  instance,  might  be  regarded  as  a 
metamorphic  form  of  an  i^noient  organic  structure  We  are  less 
surprised  at  the  eccentricities  of  Hahn  and  Reinsch  after  this. 

The  obvious  question  then  presents  itself.  If  '*  Eozoon  "  is  not 
organic,  what  is  it?  This  the  authors  undertake  to  answer,  and 
those  who  wish  to  know  must  consult  their  numerous  publications 
on  the  subject,  and  more  especially  the  present  one  on  Rock  Meta- 
morphism.  To  understand  the  authors'  views  it  will  be  necessary 
to  study  their  terminology,  and  more  especially  the  meaning  attached 
by  them  to  the  word  Ophite  (=  Ophiolite,  or  Serpent  Stone).  After 
raiding  the  table  on  page  2,  most  persons  will  agree  with  the 
tathors  that  '*  Ophites  are  not  ordinary  rocks." 

Having  mastered  the  terminology,  it  will  then  be  possible  for  the 
reader  to  follow  the  authors  through  the  first  twenty-one  pages 
of  the  proper  text,  where  Ihey  ''dispose  of  all  the  serpen tinous 
Btructures  of  *  Eozoon  Canadense '  in  strict  conformity  with  the 
mutations  of  all  the  minerals  composing  them."  In  the  first  place 
they  demonstrate  that  the  typical  *'  nummuline  wall "  is  a  pectinated 
form  of  chrysotile,  due  to  a  modification  of  that  alloraorph  of  serpen- 
tine, where  the  fibres  of  the  mineral  ultimately  become  separated 
aciculad  with  calcareous  interpolations.  The  '*  canal  system,  etc.,"  is 
rather  more  obscure  in  its  origin.  It  is  frequently  due  to  the 
peculiarities  of  a  layer  of  flooculite  (a  non-fibrous  allomorph  of 
serpentine),  which,  on  undergoing  some  solvent  ordecreting  process, 
is  apt  to  l>e  shaped  into  iri'egular  configurations.  So  likewise  the 
''  chamber  castes  "  of  the  acervuline  variety  are  identical  with  the 
variously  lobulated  crystalloids  characteristic  of  Tyree  "marble"  and 
similar  rocks,  due,  as  the  authors  believe,  to  decretion  of  the  original 
silicate. 

As  regards  the  calcitic  layer  containing  the  "intermediate  skeleton" 
in  typical  specimens  of  "  Eozoon,"  the  calcite  composing  this  part 
is  "plainly  a  replacement  pseudomorph  after  serpentine."  This 
explanation  would  account  for  the  alleged  cases  of  "  chambers  "  and 
'*  canal  system  "  preserved  in  calcite. 

2.  Rock  substitution,  or  methylosis. — The  term  "methylosis"  was 
first  proposed  by  the  authors  in  the  Gkol.  Mao.  (Vol.  X.  p.  19, 1873), 
and  they  claim  that  it  haa  precedence  of  the  "  metasomatosis "  of 
Von  Lasaulx  and  Enop.  Whichever  of  the  two  be  ultimately 
adopted,  it  is  evident  that  some  term  is  required  to  express  that  sort 
of  metamorphism  which  is  accompanied  by  more  or  less  change  of 
substance.  The  "metamorphic"  rocks — making  use  of  the  word  in 
its  conventional  and  more  extended  sense — may  thus  be  divided 
into  the  mineralizedf  where  the  original  substances  have  crystallized, 
and  the  methylosed,  where  the  constituents  have  undergone  various 
degrees  of  chemical  replacement,  in  some  cases  amounting  to  entire 
change  of  substance. 

It  need  hardly  be  said  that  the  views  of  the  authors  are  totally 
opposed  to  those  of  Sterry  Hunt,  as  recently  stated  in  the  Gkol. 
Hag.  (1878,  p.  466).     Messrs.  King  and  Rowney  repre^^iit,  Wi^  ^^\^ 
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opposite  swing  of  the  chemioo-geological  pendulum,  and  belong  to 
that  school  which  Delesse  in  his  latter  days  designated  as  miia' 
morphisme  d.  Voutrance.  Perhaps  the  truth  may  ultimately  be  found 
to  lie  somewher^  between  the  two  schools.  Without  prejudice  one 
may  truly  say  that  it  seems  only  reasonable  to  predicate  an  intimate 
relation  between  the  original  composition  of  a  mass  of  rock  and  its 
present  composition.  If  the  contrary  should  turn  out  to  be  the 
case  on  the  very  extensive  scale  claimed  by  the  authors,  we  must 
conclude  that  many  a  chapter  in  the  eai'th's  history  has  been  blurred 
beyond  the  hope  of  deciphering. 

Ophites. — There  are  so  many  different  views  as  to  the  origin  of 
serpentines  and  serpen tinous  rocks  that  the  whole  question  abounds 
with  pitfalls  and  snares,  which  are  made  worse  owing  to  the 
different  values  attached  to  names  by  the  various  authors.  Perhaps 
we  may  regard  the  subject  as  a  sort  of  triangular  duel  between 
(1)  the  advocates  of  original  precipitation,  (2)  the  advocates  of  the 
alteration  of  magnesian  silicates,  and  (3)  the  advocates  of  indis- 
criminate substitution.  As  the  authors  are  disposed  to  believe  that 
almost  any  sort  of  replacement  may  occur,  they  see  no  difficulty  in 
the  original  constitution  of  any  kind  of  rock,  and  may  cite  Dr. 
Heddle  as  suggesting  that  the  structure  of  the  ''  serpentine  of  the 
hill  of  Towansieff  would  lead  to  the  conclusion  that  gneiss  was  the 
original."  This  last  is  certainly  an  extreme  case  of  the  theory  of 
indiscriminate  substitution.  Doubtless,  however,  the  authors  would 
be  prepared  to  account  for  it,  somewhat  as  follows:  First  the 
muscovite  of  the  gneiss  would  be  magnesiated  into  phlogopite ;  this 
again  would  be  metbylosed  into  talc,  and  thus  we  should  have 
a  sort  of  })rotogine.  Now  protogine,  siccording  to  the  definition  at 
page  2,  is  already  a  "sub-silacid  Ophite."  In  this  way,  since 
"serpentynite"  belongs  to  the  silacid  section,  a  relationship  between 
the  two  is  at  once  set  up.  Any  quartz  or  felspar  that  might  be  in 
the  way  would  of  course  be  got  rid  of  by  a  further  wave  of  the 
methylotic  wand,,  and,  presto  I  your  gneiss  is  converted  into  serpen- 
tine. 

Again,  because  a  pseudomorph  of  serpentine  after  tremolite  can  be 
adduced  from  the  St.  Gothard,  it  is  assumed  that  there  can  be  no 
difficulty  in  understanding  that  a  diorite  should  be  methylosed  into 
Ophite.  That  depends  very  much  upon  the  precise  meaning  at- 
tached to  the  word  **  Ophite."  If  chlorargyllites,  chlorite-schists, 
and  protogines  are  to  be  included,  the  wideness  of  the  definition 
makes  any  statement  of  the  kind  a  pretty  safe  one.  To  the  notion 
that  hydration  of  magnesian  minerals  and  sediments  is  one  great 
cause  of  *'  serpentinization"  most  people  would  say.  Agreed.  But  the 
nature  of  the  resultant  should  bear  some  relation  to  the  composition 
of  the  original,  especially  in  the  case  of  large  rock  masses.  A  rock, 
for  instance,  originally  poor  in  alumina,  would  yield  a  resultant 
containing  a  large  proportion  of  serpentinite  (hydro-ferro-magnesian 
silicate).  iSome  would  restrict  the  term  serpentine  to  such  rocks, 
and  would  regard  them  as  having  been  derived  from  masses  where 
peridote  (olivine)  predominated.     This  is  perhaps  too  stringent  a 
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view  of  the  case,  sinoe  it  is  not  difficalt  to  suppose  that  oertain 
massive  non-aluminous  amphiboles  and  pyroxenes  may  have  con- 
tributed to  form  the  purer  serpentines  as  well  as  to  produce  the 
ophicalcites,  etc.  Moreover,  we  may  have  a  partial  serpentinization 
of  an  olivine  dolerite  (''greehstone"),  such  as  that  of  Clicker  Tor, 
which  yields  very  interesting  specimens. 

Thus  it  may  be  fairly  admitted  that  Ophites  are  polygenetic,  and 
that  to  a  certain  extent  even  serpentine  is  so,  but  we  should  be  dis- 
posed to  draw  the  line  for  the  present,  po  as  to  exclude  the  granites 
and  felsites,  and  to  limit  the  process  to  the  more  basic  class  of  rocks. 
As  regards  the  case  of  ophitic  silicates  in  fissures,  though  the  mag- 
nesian  constituent  may  be  largely  derived  from  the  containing  rocks 
yet  it  might  well  happen  in  some  cases  that  the  sources  are  in  a 
great  measure  foreign  ;  and  this  may  also  be  the  case  where  rocks 
have  been  very  much  fissured,  as  in  the  serpen tinous  limestones  of 
Connemara  quoted  by  Harkness  (p.  42).  Furthermore,  there  can 
be  no  doubt  as  to  the  general  correctness  of  the  authors'  view  that 
some  Ophites  were  sediments,  whilst  others  were  igneous  rocks 
originally,  but  it  is  probable  that  where  any  great  development  of 
Ophite  obtains,  such  rocks  were  originally  rich  in  magnesia. 

The  authors  have  paid  considerable  attention  to  the  subject  of 
peridote  in  connexion  with  Ophites ;  but  if  a  statement,  made  at 
p.  40,  is  to  be  taken  as  an  example  of  their  methods  of  reasoning,  a 
grave  suspicion  must  attach  to  much  of  their  work. 

It  is  well  known  that  Zirkel,  Bonney,  and  others,  regard  the 
occurrence  of  p8eudoraori)h6  of  serpentine  after  peridote  and  the 
frequent  association  of  the  two  minerals  as  evidence  that  Ophite,  or 
its  essential  component  serpentine,  has  originated  from  peridote  or 
from  **  peridoly  tes."  On  this  the  authors  observe  that  it  would  be  just 
as  reasonable  to  assume  that  basalt,  because  it  usually  contains  a  large  t 
proportion  of  peridote,  was  generated  out  of  masses  of  this  mineral.  ' 
In  other  words  that,  because  the  hydrous  (ferro)  magnesian  silicate, 
serpentine,  is  said  to  have  originated  from  the  anhydrous  (ferro) 
magnesian  silicate,  peridote,  that  this  same  peridote  might  equally 
generate  a  complex  mineral-aggregate  like  basalt,  largely  made  up 
of  augite  and  triclinic  felspars,  and  rich  in  alumina,  lime,  and  soda 
in  addition  to  the  bases  of  peridote.  Such  are  the  results  of  indulg- 
ing too  freely  in  mcthylosis. 

A  considerable  portion  of  chapter  xi.  is  devoted  to  proving  that 
peridote  is  largely  a  secondary  product.  From  the  position  in  which 
that  mineral  has  occasionally  been  found,  as  in  veins  of  calcite 
traversing  talcose  schist,  this  may  sometimes  be  the  case.  Its 
occurrence  in  the  granular  limestones  (hemi thrones)  is  also  quoted  as 
showing  its  secondary  origin :  but  if  the  authors'  view  be  correct, 
SIS  to  the  silicates  in  these  limestones  being  merely  the  decreted 
remnants  of  the  original  minerals  replaced  by  carbonates,  the 
occurrence  of  peridote  in  these  rocks  can  hardly  be  quoted  in  proof 
of  its  secondary  origin. 

Admitting,  however,  that  peridote,  like  augite  and  other  anhydrous 
silicates^  may  sometimes  be  formed  in  the  wet  way,  wq  m>]L\^\.  t^\^\ 
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this  as  tbe  exception  rather  than  the  rule.  That  peridote  occurs  as 
an  original  constituent  both  in  Carboniferous  and  Tertiary  basalts  is 
a  view  held  by  Allport  and  nearly  all  petrographers,  and  the  effort 
on  the  part  of  the  authors  to  prove  that  it  is  to  a  very  great  extent 
a  secondary  product,  pseudomorphous  after  augite,  looks  very  much 
like  an  attempt  to  turn  the  tables  on  their  adversaries.  They  are 
particularly  careful,  it  should  be  observed,  to  exclude  the  '*  extra 
mundane"  peridotes,  seeing  that,  since  no  hydrous  minerals  have 
yet  been  found  in  meteorites,  nor  any  certain  trace  of  water,  the 
supposition  that  meteoric  peridote  is  a  methylosed  product  would  be 
a  little  too  strong  even  for  the  Gal  way  Professors. 

Granular  Limestones,  Dolomites,  etc. — So  much  space  has  been 
devoted  to  the  previous  subjects  that  but  little  can  be  said  under 
the  above  headings.  These  chapters  are  by  no  means  the  least 
interesting  in  the  work,  and  the  intimate  acquaintance  with  the 
Magnesian  Limestone  of  Durham  possessed  by  one  of  the  authors 
lends  additional  value  both  to  the  matter  in  the  text  and  the 
appendix.  If  the  reader  cannot  at  present  accept  the  new  interpre- 
tation in  all  cases  as  the  one  which  seems  the  most  satisfactory,  the 
authors  supply  him  with  abundant  material  for  reflection  on  topics, 
which  by  their  very  nature  are  so  obscure  and  difficult  as  to  invite 
the  widest  possible  divergence  of  opinion.  W.  H.  H. 
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March  8,  1882.— J.  W.  Hulke,  Esq.,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : — 

1.  "Additional  Note  on  certain  Inclusions  in  Granite."  By  J. 
Arthur  Phillips,  Esq.,  F.R.S.,  F.G.S. 

The  author  referred  to  certain  rounded  inclusions  in  granite  which 
were  rich  in  mica.  These  he  had  described  in  his  paper  published 
in  vol.  xxxvi.  of  the  "  Quarterly  Journal,"  and  had  considered  to  be 
contemporaneous  segregations  from  the  molten  rock.  He  had,  up 
to  that  time,  not  found  a  case  where  one  of  the  larger  crystals  of 
felspar  in  a  porphyritic  granite  occurred  partly  in  the  one,  partly  in 
the  other.  Of  late  he  had  seen  several,  one  of  which  he  described 
minutely,  thus  proving  the  correctness  of  his  supposition. 

2.  "The  Geology  of  Madeira."     By  J.  S.  Gardner,  Esq.,  RG.S. 
Madeira  consists   almost   wholly   of  sheets   of  basaltic  lava  of 

variable  thickness  in  terst  rati  tied  with  tuff  scoria  and  red  bole,  cut 
by  innumerable  dykes.  In  the  central  part  of  the  island  is  a  horse- 
shoe-shaped valley,  more  than  4  miles  in  diameter,  its  bed  2500  feet 
above  the  sea,  its  precipitous  walls  full  3000  feet  high,  rising  here 
and  there  to  yet  greater  elevations,  and  forming  a  central  point  in 
the  mountain  system  of  the  island.  This  the  author  regards  as  the 
basal  wreck  of  a  volcanic  mountain,  blown  into  the  air  by  an  explo- 
sion of  exceptional  violence.  Fragments  of  the  slopes  of  scoriaa 
which  once  composed  the  inner  shell  remain  on  the  peaks  surround- 
ing  this  amphitheatre.     Tbe  d^fkea  "het^  wc^  \xw3ti^\».    TVka  author 
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describes  a  limestone  exposed  in  one  place  beneath  the  basalts,  and 
referred  to  the  Upper  Miocene,  and  a  plant- bearing  bed  associated 
with  them,  containing  fossils  of  species  still  living  m  the  island, 
some  of  which  have  been  wrongly  referred  to  extinct  forms.  In 
conclusion  the  author  remarked  upon  the  almost  infinite  variability 
of  the  genus  Buhns  and  the  difficulty  of  distinguishing  its  species. 

8.  "  On  the  Crag  Shells  of  Aberdeenshire  and  the  Gravel  Beds 
containing  them."     By  Thomas  F.  Jamieson,  Esq.,  F.G.S. 

The  author,  in  1860,  described  beds  of  sand  and  gravel  on  the 
coast  of  Aberdeenshire,  containing  numerous  fragments  of  Crag 
shells.  His  subsequent  studies  have  enabled  him  to  throw  much 
further  light  on  these  shells  and  their  mode  of  occurrence.  The 
deposits  containing  the  shells  are  almost  wholly  confined  to  the 
districts  of  Slains  and  Cruden,  and  extend  up  to  heights  of  225  feet 
above  the  present  sea-level.  They  generally  consist  of  coarse  gravel 
with  large  subangular  stones  up  to  2\  feet  in  length,  intermixed 
with  sand  and  muddy  materials ;  the  whole  form  ridges,  like  eskers 
or  moraines,  though  glacially  striated  blocks  are  rare  in  them. 
The  author  describes  the  coast-section  in  detail,  and  shows  that  the 
shell -bearing  gravels  rest  on  materials  that  appear  to  be  formed  by 
glacial  action  and  are  covered  by  the  Red  Clay,  which  he  regards  as 
having  been  formed  during  the  period  of  great  submergence.  Tlie 
few  entire  shells  are  filled  with  a  calcareous  matrix,  and  fragments 
of  the  same  material  are  found  scattered  in  the  gravel  and  sand. 
This  lends  support  to  the  conclusion  adopted  by  the  author  that  the 
sand  and  gravel  have  been  accumulated  by  a  glacier  moving  over 
pre-existent  Crag  deposits.  Among  the  shells  found,  21  could  be 
specifically  determined,  and  of  these  67  per  cent,  occur  in  the 
Coralline  Crag,  95  per  cent,  in  the  Red  Crag,  and  57  per  cent, 
are  living  species.  Only  one  species,  Tellina  balihica,  occurring  in 
the  Aberdeenshire  deposits,  is  not  found  in  the  English  Crags. 

4.  **  On  the  Red  Clay  of  the  Aberdeenshire  Coast,  and  the  I)irection 
of  Ice-movement  in  that  Quarter."     By  T.  F.  Jamieson,  Esq.,  F.G.S. 

The  author  describes  a  red  clay  occurring  in  the  eastern  part  of 
Aberdeenshire,  which  differs  in  many  important  respects  from  the 
ordinary  grey  Boulder-clay  of  the  district.  Its  contents  appear  to 
show  that  it  has  not  been  derived  from  the  Jurassic  and  granitic 
rocks  of  Aberdeenshire,  but  from  masses  of  Old  Red  Sandstone,  now 
perhaps  removed  by  denudation.  Only  few  and  imperfect  molluscan 
remains,  with  bones  of  fish,  aquatic  birds,  and  seals  have  been 
found  in  this  red  clay.  He  regards  it  as  having  been  formed 
during  a  period  of  great  submergence  which  followed  the  period  of 
maximum  glaciation.  He  finds  at  Cove  proof  of  a  remarkable 
change  in  direction  of  the  flow  of  the  glacial  ice.  Additional  proofs 
of  the  submergence  are  found  in  the  old  beaches  with  shells,  extend- 
ing to  heights  of  from  380  to  470,  and  even  up  to  560  feet  above 
the  sea-level.  The  Mollusca  occurring  in  these  raised  beaches  are 
all  of  living  species,  but  now  occur  in  arctic  seas.  He  differs  from 
Mr.  J.  Geikie,  who  regards  these  deposits  as  of  post-Glacial  age  and 
of  estuarine  character.  He  concludes  by  desciibing  in  detavl  ^k"^ 
remarkable  section  exhibited  in  the  Bay  of  Kigg. 
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THE    MILLSTONE    GRIT    AT    VOBSTER. 

Sir, — Tlie  amount  of  disturbance  and  confusion  existing  in 
the  Coal-measures  immediately  north  of  the  Mendip  Hills  has  long 
been  a  subject  which  has  greatly  exercised  the  scientific  imagination 
of  geologists.  Any  fact  that  can  throw  light  upon  the  question,  or 
that  serves  to  support  one  theory  or  the  other  in  explanation  of  the 
inversions  of  strata  in  the  Nettlebridge  Valley,  is  worthy  of  record. 
One  such  fact  it  is  in  my  power  to  lay  before  your  readers  in  con- 
nexion with  the  Vobster  inversion.  That  coal  has  been  worked 
beneath  this  mass  of  limestone  it  is  scarcely  necessary  for  me  here 
to  assert.  Mr.  McMurtrie  has  satisfactorily  established  that  fact  in  a 
paper  read  before  the  Bath  Field  Club  in  the  year  1874,  and  pub- 
lished in  the  third  vol.  of  the  "Proceedings."  But  how  did  this  mass 
come  here?  In  a  paper  contributed  to  your  Maoazink  for  1871, 
p.  150,  with  the  legitimate  horror  entertained  by  a  member  of 
H.M.G.S.  against  cataclysmic  action,  Mr.  Horace  B.  Woodward 
attempts  to  account  for  this  abnormal  position  of  the  limestone  by 
a  compound  reversed  fault  and  anticlinal  theory,  and  an  ingenious 
*'  Diagram  Section"  is  given  to  illustrate  his  view.  In  his  dissent 
from  the  theory  which  would  account  for  this  position  by  a  folding 
over  of  the  main  ridge,  he  states,  that  a  serious  difficulty  presents 
itself  in  the  absence  of  the  Millstone  Grit  which  ought  to  be  found 
in  its  true  position  between  the  Mountain  Limestone  and  the  Coal- 
measures  proper,  had  their  folding  over  to  the  north  really  occurred. 
Now  it  gives  me  much  pleasure  to  state  that  the  discovery  of 
these  hitherto  missing  beds  in  the  position  required  must  remove 
this  "  serious  difficulty,"  During  a  recent  visit  with  Mr.  McMurtrie 
and  others  to  Vobster,  we  found  that  the  quarry  men,  under  Mr. 
Batey's  superintendence,  in  driving  a  tunnel  through  the  south  face 
of  the  quarry  in  a  northernly  direction  were  then  actually  in  the 
Millstone  Grit  beds,  which  were  severely  trying  the  temper  of  their 
tools.  These  beds  dipped  at  an  angle  of  about  46°  S.,  and  were 
found  beneath  shales  and  limestone  dipping  fn)m  46*^  to  ^o^  in  the 
same  direction  and  thoroughly  conformable.  Thus  another  proof 
has  been  added  in  support  of  the  view  that  these  beds  have  been 
turned  completely  topsy-turvy;  in  other  words,  the  upthrow-fault 
theory  of  the  earlier  writers  having  already  been  proved  to  have  no 
real  existence,  and  the  chief  objection  which  seems  to  have  hindered 
Mr.  Woodward,  a  geologist  well  acquainted  with  our  Mendip  compli- 
cations, from  accepting  the  generally  accepted  view  of  a  folding  over 
of  the  beds,  having  now  been  met ;  what  remains,  but  to  accept 
the  alternative  that  these  beds,  originally  horizontal,  have  been 
squeezed  together,  thrown  up,  and  finally  folded  over  from  the  main 
ridge,  by  some  process  which  it  would  take  a  long  glimpse  down 
the  corridors  of  time  to  fully  comprehend  and  unravel. 

11,  Cavendish  Crescent,  Bath,  H.  H.  Win  WOOD. 
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CHARLES  DARWIN.  M.A.,  F.R.S. 

BoBN  Fbbbuabt  12,  1809 ;  Dibd  Apbil  19,  1882. 

DiATH,  with  tender  hand,  has  taken  away  our  most  celebrated 
Naturalist,  Charles  Darwin ;  one  of  whom  it  is  not  too  much  to  assert 
that  he  has  made  a  greater  impression  on  the  minds  of  men  of  science 
throughout  the  world,  than  any  of  his  contemporaries.    His  publica- 
tions have  had  the  effect  of  exciting  numberless  persons  to  make  ob- 
servations for  themselves,  and  thus  unconsciously  to  become  natural- 
ists ;  whilst,  both  directly,  and  indirectly,  our  store  of  scientific  know- 
ledge has  been  enlarged  a  thousandfold.     He  was  bom  at  Shrews- 
bury on  Feb.  12,  1809,  his  father  being  Dr.  Robei-t  Waring  Darwin, 
F.R.S.,  physician  of  that  town.     His  grandfather  was  the  celebrated 
Dr.  Erasmus  Darwin,  F.B.S.,  the  poetical  and  scientific  physician  of 
Lichfield.      His  mother  was  a  daughter  of  Josiah  Wedgwood,  the 
modern  founder  of  the  English  pottery  manufacture.     Charles  Darwin 
was  educated  at  Shrewsbury  Grammar  SIchool  under  Dr.  Butler,  thence 
he  went  to  the  University  of  Edinburgh  in  1825,  remained  there  two 
years,   and   next  entered  Christ's  College,   Catnbridge,   where  he 
graduated  B.A.  in  1832,  and  M.A.  in  1837.     His  hereditary  aptitude 
for  the  study  of  natural  science  was  early  perceived,  and  the  Bev. 
Prof.  Henslow  recommended  him  to  Captain  Fitzroy  and  the  Lords 
of  the  Admiralty,  in  1831,  as  Naturalist  to  accompany  the  second 
Surveying  Expedition  of  H.M.S.  Beagle  in  the  Southern  Seas.     The 
first  expedition,  that  of  the  Adventure  and  Beagle   (1826-30),  had 
explored  the  coasts  of  Patagonia;   the  Beagle,  which  sailed  again 
December  27,  1831,  and  returned  to  England  October  22,  1836, 
made  a  scientific  circumnavigation  of  the  globe.     Mr.  Darwin  served 
without  salary,  and  partly  paid  his  own  expenses,  on  condition  that 
he  should  have  the  entire  disposal  of  his  zoological,  botanical,  and 
geological  collections.     On  returning  to  England,  he  published  a 
"Journal  of  Besearches  into  the  Geology  and  Natural  History"  of 
the  various  countries  he  had  visited.     This  originally  appeared  with 
a  general  account  of  the  voyage  by  Captain  Fitzroy,  but  was  after- 
wards published   separately.      Since   that   time    Mr.   Darwin    has 
resided  at  Down,  near  Farnborough,  Kent.    In  addition  to  numerous 
papers  on  various  scientific  subjects,  Mr.  Darwin  edited  the  "  Zoology 
of  the  Voyage  of  the  Beagle,^'  and  wrote  three  separate  volumes  on 
geology — viz.  "The  Structure   and   Distribution  of  Coral  Reefs," 
1842,  second  edition  1874;   "Geological  Observations  on  Volcanic 
Islands,"  1844;   and  "Geological  Observations  on  South  America," 
1846.     The  most  important  of  Mr.  Darwin's  subsequent  works  are 
a  **  Monograph  of  the  Family  Cirripedia,"  published  by  the  Ray 
Society  in  1851-3,  and  on  the  Fossil  Species  of  the  same  group,  by 
the  Pala^ontographic^l  Society.     But  by  far  the  most  widely-known 
contribution  from  Mr.  Darwin's   pen   was  his  famous  "  Origin  of 
Species  by  means  of  Natural  Selection,"  published  in  1869,  which 
has  gone  through  several  editions  at  home,  and  has  been  translated 
into  French,  German,  Italian,  Spanish,  and  other  European  languages. 
No  other  book  ever  caused  a  more  profound  sensation,  and  probably 
no  book  was  ever  received  with  such  extreme   manife&tAit\Qiti&  ^1 
scientific  enthusiasm  and  scientific  incredulity. 
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Briefly  summarized,  the  propositions  submitted  by  its  author  are  as 
follows  : — More  organisms  perish  than  survive.  No  two  individuals 
are  exactly  alike.  Individual  peculiarities  are  transmissible.  Those 
individuals  whose  peculiarities  bring  them  into  close  adaptation  with 
their  surroundings  survive  and  transmit  them  to  their  offspring. 
The  survival  of  the  fittest  thus  tends  to  maintain  an  equilibrium 
between  organisms  and  their  surroundings.  The  environment  of 
every  group  of  organisms  is  steadily  changping.  Every  group  of 
organisms  must  therefore  change  in  average  character  under  penalty 
of  extinction.  A  change  set  up  in  one  part  of  an  organism  necessitates 
changes  in  another  part.  These  changes  are  complicated  by  the  law, 
that  structures  are  nourished  in  proportion  to  their  use,  and  the 
changes  thus  set  up  must  alter  the  character  of  any  group  of  organisms. 
These  propositions  being  granted,  Darwin  simply  asks  us  to.  believe 
that,  since  the  appearance  of  life,  time  enough  has  elapsed  to  produce 
all  the  variation  of  species  now  seen.  His  subsequent  works  have  had 
for  their  object  the  supplying  the  data  on  which  he  founded  his  con- 
clusions. A  treatise  on  '*  The  Fertilisation  of  Orchids,"  published  in 
18G2,  was  followed  by  "  Domesticated  Animals  and  Cultivated  Plants ; 
or  the  Principles  of  Variation,  Inheritance,  Reversion,  Cros8ing, 
Interbreeding,  and  Selection,  under  Domestication,"  in  1867.  In 
1871  he  published  the  ''  Descent  of  Man  and  Selection  in  Relation 
to  Sex,"  two  volumes,  a  new  edition  of  which  was  published  in  1874, 
in  one  volume,  with  large  additions.  Also,  "  The  Expression  of  the 
Emotions  in  Man  and  Animals,"  published  in  1873 ;  "  Insectivorous 
Plants  and  Climbing  Plants,"  in  1875;  "The  Effects  of  Cross  and 
Self  Fertilisation  in  the  Animal  Kingdom,"  in  1876 ;  "  Different 
Forms  of  Flowers  in  Plants  of  the  same  Species,"  in  1877;  the 
"  Movement  of  Plants,"  in  1880,  a  continuation  of  his  investigations 
on  the  movement  and  habits  of  climbing  plants ;  and  in  October 
last,  **The  Formation  of  Vegetable  Mould  through  the  Action  of 
Worms." 

As  a  matter  of  course,  Charles  Darwin  was  a  member  of  most  of 
the  leading  scientific  societies,  both  at  home  and  abroad.  He  had 
also  obtained  the  Royal  and  Copley  Medals  from  the  Royal  Society, 
and  the  Wollaston  Palladium  Medal  from  the  Geological  Society, 
and  had  lately  received  many  high  distinctions,  including  the 
Prussian  Order  "  Pour  le  Merite "  in  1871,  degrees  from  the 
Dutch  University  of  Leyden  in  1875,  and  from  that  of  Cambridge 
(LL.D.)  in  1877,  the  corresponding  membership  of  the  French 
Academy  in  1875,  and  also  the  corresponding  membership  of  the 
Academy  of  Vienna. 

In  1831  he  married  his  cousin,  Miss  Emma  Wedgwood,  who 
survives  him ;  he  also  leaves  a  family  of  five  sons  and  two  daughters.^ 


DR.    JOHN     LYCETT. 
Wk  regret  to  record  the  death  of  this  excellent  geologist,  and 
hope  to  give  some  notice  of  his  work  next  month. 

^  Most  of  the  facts  here  stated  appeared  in  the  Morning  Fost^  April  21,  1882. 
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Oolites. 

By  Wilfrid  H.  Hudi«b8ton,  M.A.,  F.G.S. ; 

President  Geologists*  Association. 

[Continued  from  page  205.} 
(PLATE  VI.) 

Chbmnitzia,  sto. 

I  MUST  refer  to  Memoir  No.  1 — Corallian  Gasteropoda — for  remarks 
with  respect  to  the  so-oalled  Chemnitzias.  The  curious  group, 
of  which  "  Terehra  vetunta"  Phil.,  may  be  regarded  as  the  type,  is 
also  very  doubtfully  placed  under  Chemnitzta. 

11. — Cuemnitzia  linkata,  Sowerby,  1821.     Plate  VI.  Figs,  la, 

16,  2,  3. 

1821.     Melania  Hneafa^  Sow.,  Min.  Conch,  pi.  218,  fig.  I. 

1829  &  1835.     Melanm  Unea'a,  Sow.,  Phillips,  G.  Y.  p.  129. 

1842.  ?  Melania  proeera,  Deslongchamps,  Mem.  Soc.  linn.  Norm.  vol.  fii.  p.  223, 

pi.  12,  figs.  5  and  6. 
1852.  ?  Chemnitzta  proeera,  D'Orb.,  T.  J.  p.  41,  pi.  239,  figs.  2,  3  (under  the  name 

of  twrU). 
1852.     Non  Chtm.  lineata,  D*Orb.,  T.  J.  p.  43,  pi.  239,  figs.  4  and  5. 
1875.     Chemnitzta  lineata,  Sow.,  Phillips,  G.  Y.  p.  257. 

Bibliography f  etc. — The  complete  synonymy  of  this  very  common, 
variable,  and  widely-spread  "species"  would  be  about  the  most 
hopeless  task  which  any  one  could  undertake  to  compile.  This 
Chemnitzta  is  very  abundant  in  the  I.  0.  of  Normandy,  where,  out  of 
the  very  pretty  pictures  given  by  Deslongchamps,  perhaps  two  lead- 
ing forms  might  be  selected,  of  which  we  may  regard  this  as  repre- 
senting one,  and  Melania  coarctata  the  other.  In  a  fit  of  despair, 
MM.  Hobert  and  Deslongchamps,  whilst  criticizing  the  attempts  of 
D'Orbigny  to  set  matters  to  right,  declare  that  it  is  almost  impossible 
to  distinguish  between  "  les  Ch,  heddingtonensiB,  proceray  coarctata 
et  normanniana :  il  vaudrait  peut-etre  mieux  les  reunir  toutes  en 
one  seule  esp^ce,  qui  serait  alors  commune  a  Toolithe  inferieure,  a,  la 
grande  oolithe,  et  a  TOxfordien."  *  Mr.  Tawney  considers  that  there 
l^re  two  species  or  at  least  good  varieties  at  Dundry,  and  he  is  dis- 
posed  to    separate  Ch.  lineata,  Sow.,  from   Ch.  procera,  Desl.'     I 

^  H6b.  et  Desl.  op.  eit.  p.  34.  '  Dundry  Gasteropoda. 
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cannot  think  that  the  qnestion  of  panotate  strnotare  is  anything 
more  than  one  of  Btatus  (condition  of  preaervation).  All  these 
smooth  Chemnitzias  are  striato-punctate  under  certain  conditions, 
whilst  there  are  other  conditions  where  the  featnre  is  not  shown. 
It  so  happens  that  the  specimen  figured  by  Sowerby  shows  this 
peculiari^  in  a  very  slight  degree.  Most  of  the  specimens  from 
the  Dogger  show  it,  but  not  all. 

In  the  other  two  zones  of  the  Inferior  Oolite  in  Yorkshire  this 
structure  is  not  noticeable  either  in  the  species  of  ChemniiMia,  or,  as 
far  as  my  observations  go,  in  the  species  of  Natieci,  whose  representa- 
tives show  it  so  strongly  in  the  lower  horizon. 

Description  (Figures  la  and  Ih).  —  Specimen  from  the  Dogger 
(zone  1)  Peak  (Blue  Wyke).     Leckenby  Collection. 

Length  (restored) 96  mm. 

Width    20    „ 

Length  of  body-whorl  to  entire  shell 28 :  100. 

Spiral  angle 14M6\ 

The  upper  portion  of  the  spire  is  so  indifferently  preserred  that 
the  above  measurements  must  be  received  with  reservation.  The 
three  anterior  whorls  are  in  tolerable  condition,  with  the  suture  well 
marked.  The  upper  portion  of  these  whorls  shows  a  flattish  belt, 
very  feebly  developed,  in  front  of  which  is  a  slight  constriction  and 
then  again  a  slight  fulness,  after  which  the  whorl  is  again  constricted 
to  meet  the  next  suture.  Bugose  and  wavy  lines  of  growth,  accen- 
tuated by  conditions  of  fossilization,  are  conspicuous.  A  fine  striato- 
punctate  structure  is  discernible,  chiefly  on  the  penultimate  whorl. 

Aperture  oval,  and  rather  small.  This  effect  is  increased  by 
thickening  of  the  outer  lip  through  adherence  of  matrix. 

(Fig.  2). — Another  specimen  from  the  Dogger.     My  Collection. 
Spiral  angle 15**. 

This  serves  to  show  the  early  stage,  where  the  belt  is  but  feebly 
developed,  yet  increases  in  importance  with  each  succeeding  whorl, 
the  slight  constriction  of  the  whorl  increasing  part  passH.  Sutures 
clean  cut  out,  and  angular.  Surface  smooth,  no  striato-punotate 
structure  visible. 

(Fig.  3). — Another  specimen  from  the  Dogger.  Bean  Collection, 
British  Museum.  This  serves  to  show  the  youngest  stage.  The 
apical  whorls  are  flat  and  devoid  of  any  varix,  and  the  suture  close. 
I  think  that  this  is  the  form  called  ''  Terebra  melanioides  "  by  Bean. 

Belationa  and  Distribution, — If  we  are  to  make  a  distinction  ac- 
cording to  whether  or  no  punctate  structure  is  visible,  Figs.  2  and  3 
will  represent  Ch.  procera,  Desl.  It  is  a  point  on  which  opinions 
will  perhaps  continue  to  be  divided  for  the  present 

It  should  be  borne  in  mind  that  all  these  large  Chemnitzias  com- 
mence with  a  very  flat  whorl.  The  apical  whorls  of  Chem.  Hedding- 
tonensis  are  probably  the  Chem.  melanioides  of  Phillips. 

Chem,  lineata-procera  is  well  represented  in  the  Dogger  and 
Millepore  ;  nor  do  I  think  there  is  any  real  difference  in  the  variety 
next  to  be  described  from  the  Scarborough  Limestone. 
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115. — Chbmnitzia  lineata-pbookba,  var.  Soabbuboensis,  Morris  and 

Lyoett,  1850.     Plate  VI.  Fig.  4. 

1850.     Ckemnitzia?  Scarburffemu,  M  and  L..  Gt.  Ool.  Moll.  p.  116,  pi.  xy.  fig.  8. 
1875.     Chem.  SearburgenaU,  L.  and  M.,  PhillipB,  O.  T.  3rd  edition,  p.  257. 

Bibliography,  etc. — ^This  *'  species  "  was  described  from  a  flattened 
oast,  which  is  now  in  the  Bean  Collection  at  the  British  Maseum.  The 
authors'  figure  conveys  a  false  impression  of  the  real  shape,  and  causes 
an  appearance  of  a  larger  spiral  angle  than  is  warranted.  If  the 
cast  were  restored  to  its  proper  shape,  the  angle  would  not  be 
materially  larger  than  in  the  specimen  described  below,  which  is 
unusually  fine  and  in  good  preservation. 

Description, — Specimen  from  the  Scarborough  Limestone  (zone  3), 
Leckenby  Collection. 

Length  (restored) 138  mm. 

Width   24    „ 

Length  of  body-whorl  to  entire  shell    29  :  100. 

Spiral  angle     13^. 

Shell  conical,  elongate.  Spire  consists  of  about  15  whorls.  These 
increase  in  height  regularly  by  one-third  of  a  turn  each  time.  The 
apical  whorls  are  flat,  but  presently  the  belt  near  the  suture  begins 
to  develope,  and  the  median  constriction  to  show.  As  the  whorls 
attain  a  more  mature  stage,  the  constriction  is  most  marked  in  the 
upper  third ;  anteriorly  the  whorl  swells  again  before  curving 
inwards  to  meet  the  suture.  In  the  last  two  whorls  the  belt  is 
very  prominent  and  rounded  (possibly  from  attrition  or  otherwise). 
Certain  rugose  markings  in  connexion  with  lines  of  growth  are 
noticeable,  principally  on  the  penultimate  whorl.  No  punctate 
structure  visible. 

The  specimen,  being  involved  in  matrix,  has  been  drawn  in  an 
oblique  position. 

Relations  and  Distribution, — I  cannot  see  any  real  differences,  other 
than  those  due  to  fossilization,  between  this  specimen  and  specimens 
from  the  Millepore  Bed  and  Dogger.  This  is  a  very  acicular  form, 
having  perhaps  rather  a  smaller  spiral  angle  than  the  average  of 
specimens.^ 

The  common  Bajocian  Chemnitzia  of  the  Yorkshire  Beds  is  dis- 
tinguished by  this  small  spiral  angle  from  another  and  stouter  form, 
which  really  is  perhaps  entitled  to  be  regarded  as  a  distinct  species. 

12. — Chemnitzia  ?  ooarotata,  Deslongchamps,  1842. 

183^.     MelaniaHeddingUmenais,  Sow.,  Phillips,  G.Y.  pp.  12?  and  129. 
1842.     Melanin  coarctata,  Deal.,  Mem.  Soc.  Linn.  Nonn.  vol.  yii.  p.  226,  pi.  xii. 
figs.  11  and  12. 
Melania  Heddmgtonetuis,  (pars)  Deslong.,  ibid,  p.  225. 

^  One  of  the  evils  of  having  too  many  names  for  slight  varietal  differences  is 
illustrated  in  the  tables  of  fossils  given  by  Dr.  Wright  m  his  admirable  and  in- 
stmctive  paper  on  the  Inferior  Oolite  of  the  South  of  England  and  of  Yorkshire 
(Q.  J.  G.  S.  1859) ;  e.g.  from  the  Humphresianus  zone  of  Somerset  the  author  quotes 
CAern.  lineata,  Sow.  (p.  36),  from  the  Grey  Limestone  (zone  3)  of  Yorkshire  Chetn, 
8carburgensi»j  Lye.  and  Mor.  (p.  30^,  and  from  the  Oolite  Marl  of  Cheltenham 
Chem.  procera^  Deslong.  (p.  13).  Wnat,  I  wonder,  is  the  real  biological  distinction 
between  these  three?  As  a  museum  label  for  the  cast  of  a  Bajocian  Chemnitsia  in 
a  giey  matrix,  probably  Ch,  SearburgeMia  may  continue  to  do  dut^. 
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• 

There  is  a  fonn  of  Chemnitzia  which  occurs  in  the  Dogger,  and 
perhaps  in  the  Scarborough  Limestone,  having  a  larger  spiral  angle, 
and  being  altogether  of  a  stouter  build  than  Ch.  lineata.  This 
perhaps  was  noticed  in  the  earlier  editions  of  Phillips  as  MeJania 
Heddingtonensis,  Sow.,  but  in  the  last  edition  (1875)  that  species  is 
not  quoted  from  the  Lower  Oolites — Ch.  Scarburgensis  apparently 
taking  its  place. 

Now  of  course  Ch.  Scarburgensis  may  be  made  to  cover  anything, 
being  simply  the  flattened  cast  of  a  large  Chemnitxia,  belonging  in 
all  probability  to  the  lineata-procera  group. 

Nothing  more  can  be  done  at  present  than  simply  to  point  out  the 
fact  of  the  occurrence  of  this  stouter  form,  which,  as  far  as  I  can 
judge,  is  less  turrited  than  Normandy  specimens  of  Chem,  eoarctata. 
No  specimen  sufficiently  good  for  determination  from  the  Yorkshire 
beds  has  ever  come  into  my  hands. 

13.— CiiKMNiTZiA  ViTTATA,  PhilHps,  1829.      PI.  VI.  Figs.  5a,  56,  and  6. 

1829  &  1835.     Melania  vittata,  Phil.,  O.  Y.  p.  116  (ed.  1836),  pi.  Tii.  fig.  16. 
1863.     ChemhUzia  vittata,  Phil.,  Lycett,  Suppl.  p.  U,  pi.  31,  fig.  10. 
1875.     Chemnitzia  vittata,  Phil.,  G.  Y.  3id  ed.  p.  257. 

Bibliography,  etc, — This  species  was  adequately  described  and 
figured  for  the  first  time  by  Lycett,  who  alludes  to  the  fact  that 
D'Orbigny  (Prod.  vol.  i.  p.  295)  supposed  Neriwjsa  suprajurewis, 
D*Archiac,  might  be  the  same.  Oppel  (Jura  Formation,  p.  479)  in 
his  synonymy  accepts  D'Orbigny 's  supposition.  Lycett  does  not 
favour  the  view. 

Description  (Figs.  Ba,  56). — Specimen  from  the  Combrash  (zone  4), 

Scarborough.     Leckenby  Collection. 

Length  (complete)    112  mm. 

Width    32    „ 

length  of  body- whorl  to  entire  shell 30*5  :  100. 

Spiral  angle  22^ 

Shell  conical,  elongate,  sub-turrited.  The  complete  spire  is  com- 
posed of  about  ten  or  twelve  whorls,  which  increase  under  a  regular 
angle;  and  are  fiat  and  without  protuberance  in  the  early  stage. 
The  apical  portion  of  the  spire  ia,  consequently,  a  smooth  elongate 
cone,  unbroken  save  by  the  suture,  which  is  clean  cut,  rather 
narrow,  and  moderately  oblique.  By  degrees  a  belt,  which  rapidly 
assumes  the  character  of  a  varix,  is  formed  towards  the  posterior 
margin  of  the  widening  whorl.  This  becomes  a  prominent  feature, 
since  it  falls  away  very  steeply  towards  the  slightly  excavated 
median  area  of  the  whorl,  which  swells  towards  a  second  but  less 
pronounced  varix  on  the  anterior  margin.  Edges  of  the  anterior 
whorls  bevilled  ofi"  towards  the  strongly  marked  suture.  In  the  body- 
whorl  the  space  between  the  two  varices  is  still  more  hollowed  out. 

The  aperture  is  oval  and  tolerably  wide,  with  fair  evidence  of 
thickening  posteriorly  where  the  callus  is  very  prominent.  Inner 
lip  almost  detached  anteriorly. 

Being  in  the  usual  wax-like  condition  of  fossils  from  the  Scar- 
borough "  Cornbrash,"  the  specimen  is  favourable  for  showing  the 
wavy  lines  of  growth,  and  the  peculiar  granulated  spiral  lines. 
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which,  under  oertain  oiroumstanoes,  become  a  striato-punotate 
structare.  This  is  especially  noticeable  in  that  portion  of  the 
penultimate  shown  in  Fig.  5a. 

(Fig.  6). — Specimen  from  the  Combrash.    Leckenby  Collection. 

This  serves  to  show  the  apical  conditions  before  the  varices  attain 
to  mnch  importance. 

Relations  and  DUiribviion. — If  we  regard  the  subject  of  these 
large  Chemnitzias  in  anything  like  a  philosophical  and  oompre* 
hensive  spirit,  we  can  hardly  fail  to  give  at  least  a  partial  assent  to 
the  sweeping  suggestion  of  MM.  Hebert  and  Deslongohamps  already 
quoted.  That  Chem,  Itneaia'proeeraf  the  typical  Bajocian  form, 
Chem.  viilata,  the  typical  Bathonian  form  (in  Yorkshire),  and  ChenK 
Heddingtanensis,  the  typical  Oxford-Oorallian  form,^  are  closely 
connected,  it  is  impossible  to  deny.  They  occupy,  in  a  certain  sense, 
the  relative  positions  of  a  number  of  generations  as  one  sees  them 
depicted  in  some  ancestral  gallery,  where  the  family  features, 
though  recognizable,  are  modified ;  but  where  the  costume  of  the 
period,  like  the  mineral  condition  of  the  fossil,  serves  to  emphasize 
and  even  to  exaggerate  such  differences  as  may  exist 

Chem.  vtUata  chiefly  differs  from  the  other  forms  in  the  salience 
of  its  varices,  and  especially  of  the  lower  one,  which  is  but  faintly 
seen  in  other  Jurassic  Chemnitzias.  Dr.  Lycett'  has  pointed  out 
how  it  differs  from  members  of  the  Ch,  coarctata  group.  This  we 
can  understimd,  as  they  are  of  different  age.  Yet  Ch,  vittaia  should 
have  its  representative  in  other  Bathonian  beds  besides  the  Corn- 
brash  of  Yorkshire,  though  at  present  I  am  unable  to  say  that  the 
precise  form  has  been  quoted  from  any  of  the  noted  Bathonian 
localities,  such  as  the  Boulonnais  (Rigauz  and  Sauvage),  Langrune 
in  Normandy  (Deslongohamps),  or  our  own  beds  of  Great  Oolite 
ago,  including  of  course  the  Combrash  of  the  midland  and  southern 
counties. 

14. — Chbhnitzia   Heddinotonbnsis,  Sow.      See  "Corallian      , 

Gasteropoda." 
Imperfect  forms  of  Chemnitzia  are  found  in  the  Lower  Calcareous 
Grit,  which  may  be  referred  to  this  "  species." 

15. — EuLiMA  LJEVIGATA,  Monis  and  Lycett,  1860.     Plate  VI. 

Figs.  7  and  8. 
1850.     Euliina  Uevigata^  M.  and  L.,  Qt.  Ool.  Moll.  p.  114,  pi.  xv.  fi«;.  4. 

Bibliography,  etc. — The  type  is  quoted  from  the  "  Great  Oolite  " 
near  Scarborough.  That  is  really  our  third  zone,  viz.  the  Humphre- 
»ianu8'Zone  of  the  Inferior  Oolite.  The  figure  is  somewhat  mis- 
leading. Lycett,  in  his  Supplement  (p.  13,  pi.  31,  fig.  3),  figures 
a  specimen  from  the  Cornbrash,  which  he  contrasts  with  Eudima 
communis  from  the  real  Great  Oolite  of  Minchinhampton. 

Description  (Fig.  7). — Type  refigured. — Specimen  from  the  Scar- 
borough Limestone  (zone  3).     Bean  Collection,  British  Museum. 

Lcn^h  15  mm. 

Width    6    „ 

Spiral  angle  22*. 

1  See  CoraUian  (jBsteTopod&j  Geol.  Mao.  1880,  p.  ^9^.  ^  op.  c\t. 
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Shell  elongated  smooth,  subulate.  Whorls  short,  and  rather  convex, 
especially  the  anterior  ones.  Surface  smooth.  Suture  fairly  marked. 
Lines  of  growth  faint.     Aperture  involved  in  matrix. 

(Fig.  8). — Specimen  from  the  Combrash  (zone  4),  Scarborough. 
Leckenby  Collection. 

The  spire  is  much  injured,  but  the  three  anterior  whorls  are  in 
good  preservation.  These  whorls  are  extremely  round  and  full,  with 
a  deep  suture  which  gives  a  strangulated  appearance.  The  whorls 
are  so  extremely  smooth  that  even  the  lines  of  growth  can  scarcely 
be  detected. 

Belations  and  Distr^utton, — ^Yery  little  of  a  satisfactory  nature  can 
be  made  out  of  these  supposed  Eulimas  in  the  Yorkshire  beds. 
The  Combrash  specimen  described  above  is,  as  far  as  the  anterior 
whorls  go,  in  an  excellent  state  of  preservation.  The  marked  con- 
vexity, even  roundness  of  the  whorl,  and  the  absence  of  any  punctate 
structure,  are  distinguishing  features.  It  does  not  seem  to  tally 
quite  either  with  the  description  of  Eu,  communt$  or  with  the  type  of 
Eu,  lavigata  (Fig.  7).  Bigaux  and  Sauvage  quote  both  these  species 
from  the  Combrash  (Calc.  k  Rhynch,  BadensU)  of  the  Boulonnais. 
Found  sparingly  in  zones  3,  4,  and  5. 

A  specimen  from  the  Chert  bed  of  the  Kelloway  Kock  was  figured 
and  described  as  *'  Ghem,  lineaia  "  by  Leckenby,  Q.  J.  G.  S.,  February, 
1859.  This  was  subsequently  regarded  by  the  author  as  a  Ealima, 
The  specimen  is  not  in  a  satisfactory  condition  for  specific  determi- 
nation. If  the  spiral  lines  are  visible,  the  specimen  is  most  probably 
the  young  stage  of  Chemnitzia, 

"  ChEMNITZIA  "  VETUSTA  gTOUp. 

These  fossils  are  more  numerous  and  better  preserved  in  the 
Inferior  Oolite  of  the  Anglo-Norman  area  than  elsewhere,  and 
would  naturally  attract  the  attention  of  authors.  No  palsBontologist 
of  the  present  day  can  read  the  introduction  to  the  memoir  "  sur  les 
Melanies  fossiles"  by  the  elder  Deslongcharaps,  written  just  forty 
years  ago,  without  a  tacit  feeling  of  respect  for  the  sagacity  of  that 
observer  of  former  days.  The  difficulties  he  then  felt  are  difficulties 
still.  '^Plusieurs  (des  Melanies)  sont  de  petite  taille  et  se  rap- 
prochent  par  leur  /acie«,  de  quelques-un  des  Cerites  decrits  dans  le 
Memoire  precedent,  mais  leur  ouverture  c'est  plus  decidement  celle 
des  Melanies.  Pour  exprimer  toute  ma  pensee,  je  crois  qu'il  y  a  des 
passages  entre  ces  espcces  anciennes." 

The  substitution  of  the  genus  Chemnitzia  for  the  supposed  Melania 
of  the  Jurassic  period  increases  the  difficulty  as  regards  the  small 
costate  forms  now  under  consideration,  which  constitute  a  sort  of 
debatable  ground  on  the  borders  of  the  genus  Cerithium,  These 
remarks  apply  to  a  number  of  fossils,  to  which  I  would  give  the 
name  vetusta-groupj  from  their  relationship  to  the  original  Terebra 
vetusta,  Phil.,  which  occurs  in  the  Millepore  Bed  (zone  2)  of 
Cloughton  Wyke.*  A  remorseless  lumper  of  varietal  forms  might 
indeed  unite  them  all  under  one  "  species,"  to  which  the  name 
vetusia  would,  in  right  of  priority,  attach. 
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Besides  the  very  great  dififerenoes  in  appearance  superinduced  by 
the  character  of  the  matrix,  there  really  does  seem  to  have  been 
considerable  regional  variation  in  a  set  of  forms,  which  Deslong- 
champSy  for  the  L  0.  of  Normandy,  fooussed  under  two  headings, 
viz.  MeHania  tmdtiZato,  and  Mtlania  Bcalariformis,  Some  of  these 
varieties  may  be  noticed  in  the  L  0.  of  Bradford  Abbas,  where  very 
fine  spathic  fossils  are  to  be  had.  The  Dundry  variety  Is  referred  by 
Mr.  Tawney  to  If.  undulaia}  The  group  is  perhaps  more  character- 
istic of  the  Lias '  than  of  the  Oolites,  and  it  does  not  appear  to  ascend 
in  its  more  typical  form,  above  the  Lower  Oolites,'  at  least  in  York- 
shire. But  in  the  Ist  and  2nd  zones  of  the  Inferior  Oolite  on  the 
coast  there  are  certain  forms  which  exhibit  such  constant  variety  as 
to  render  them  worthy  of  some  notice. 

16.—"  Chbmnitzia  "  VKTUSTA,  Phillips,  1829.    Plate  VL  Figs.  9, 

10, 11. 

1829  and  1836.     T^ehra  v$tmta,  Phil.,  G.  T.  p.  123,  pi.  iz.  fig.  27. 

IMO.  Ibid.  Ibid.  Williamson,  Irans.  Qeol.  Soc,  2nd  Beries, 

vol.  T.  p.  241. 
1842.    Melania  teaiariformit  (pan)  (?  Deshajes),  Deslongchamps,  Mem.  Soc.  linn. 

Norm.  vol.  vii  p.  218,  pi.  xL  fin.  63-66. 
1844.     CerithiumJUxuoaum,  Miinst.,  Gh>ldra88,  1. 173,  fig.  15. 
1850.     Chemnitzia  vetuata,  D'Orb.  (Phil.),  Prod.  vol.  i  p.  263. 
1869.     Cerilhium  vetusiumj  Williamson,  Brauns,  Mitl.  Jura,  p.  172. 
1875.     Chemnitzia  vetusta,  Phil.,  G.  T.  3rd  edition,  p.  257,  pi.  ix.  fig.  27. 

Bibliography, — Brauns  further  unites  under  this  "  species  "  C.  ar- 
ma(nm,  Gk)ldf.,  C.  echinaium,  Yon  Buch,  C.  muricatumy  Quens.  pars, 
'^  Mel,  undtdata,  Desl.,  C.  granulato-eostatumy  Miinst.,  and  muricato- 
eosiatum,  Miinst,  C.  granulatO'Co$tatumy  Quens.  (Jura,  pi.  65,  fig. 
22,  and  Foss.  of  Montreuil-Bellay,  pi.  7,  fig.  1),  and  (7.  tortile, 
Heb.  &  Desl. 

Evidently  this  is  a  stable  that  requires  a  good  deal  of  cleansing, 
but  to  refer  all  these  to  the  Cloughton  shell  is,  it  seems  to  me,  to  act 
under  a  misapprehension,  more  especially  as  Brauns  considers  that 
the  figures  of  Phillips,  and  of  Morris  and  Lycett,  do  not  represent 
the  same  species. 

Certainly  these  figures  present  a  dififerent  appearance,  but  at  any 
rate  we  can  have  no  difficulty  as  to  the  identification  of  Phillips's 
type,  which  the  author  says  expressly  comes  from  the  **  Oolite  "  of 
Cloughton  Wyke.  The  exact  bed  is  well  known  to  all  those  who 
are  acquainted  with  the  palaeontological  stratigraphy  of  the  district 
It  is  a  subcalcareous  and  ferruginous  grit  in  the  upper  part  of  the 
Millepore  Bed.  In  Phillips's  figure  the  costaa  are  rather  too  close 
together,  and  too  numerous.     They  are  not  decussated. 

^  Dundry  Gasteropoda,  p.  11> 

'  Strong  lon^tndinal  ril»,  straight  or  slightly  conred,  and  but  little  decussated ; 
an  aperture,  which,  when  one  can  see  it,  has  a  tendency  to  a  slight  channel  in  the  front, 
but  IS  otherwise  Chemnitzoid ;  these  features  characterize  the  group  of  which  several 
species  are  enumerated,  and  some  new  ones  described  by  Tate  and  Blake  in  their 
Memoir  on  the  Yorkshire  Lias. 

^  Some  fossils  lately  discovered  by  the  Survey  in  beds  of  presumed  I^ower 
Oxfoidian  age  in  Lincolnshire  (on  tne  horizon  of  the  Scarborough  Kelloway 
Eock  perhaps)  appear  to  represent  the  group. 
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Briefly  summarized,  the  propositions  submitted  by  its  author  are  as 
follows  : — More  organisms  perish  than  survive.  No  two  individuals 
are  exactly  alike.  Individual  peculiarities  are  transmissible.  Tho8e 
individuals  whose  peculiarities  bring  them  into  close  adaptation  with 
their  surroundings  survive  and  transmit  them  to  their  offspring. 
The  survival  of  the  fittest  thus  tends  to  maintain  an  equilibrium 
between  organisms  and  their  surroundings.  The  environment  of 
every  group  of  organisms  is  steadily  changping.  Every  gi-oup  of 
organisms  must  therefore  change  in  average  character  under  penalty 
of  extinction.  A  change  set  up  in  one  part  of  an  organism  necessitates 
changes  in  another  part.  These  changes  are  complicated  by  the  law, 
that  structures  are  nourished  in  proportion  to  their  use,  and  the 
changes  thus  set  up  must  alter  the  character  of  any  group  of  organisms. 
These  propositions  being  granted,  Darwin  simply  asks  us  to.  believe 
that,  since  the  appearance  of  life,  time  enough  has  elapsed  to  produce 
all  the  variation  of  species  now  seen.  His  subsequent  works  have  had 
for  their  object  the  supplying  the  data  on  which  he  founded  his  con- 
clusions. A  treatise  on  *'  The  Fertilisation  of  Orchids,"  published  in 
18G2,  was  followed  by  "  Domesticated  Animals  and  Cultivated  Plants; 
or  the  Principles  of  Variation,  Inheritance,  Reversion,  Crossing, 
Interbreeding,  and  Selection,  under  Domestication,"  in  1867.  In 
1871  he  published  the  **  Descent  of  Man  and  Selection  in  Relation 
to  Sex,"  two  volumes,  a  new  edition  of  which  was  published  in  1874, 
in  one  volume,  with  large  additions.  Also,  "  The  Expression  of  the 
Emotions  in  Man  and  Animals,"  published  in  1873 ;  "  Insectivorous 
Plants  and  Climbing  Plants,"  in  1875;  "The  Effects  of  Cross  and 
Self  Fertilisation  in  the  Animal  Kingdom,"  in  1876 ;  "  Different 
Forms  of  Flowers  in  Plants  of  the  same  Species,"  in  1877;  the 
"  Movement  of  Plants,"  in  1880,  a  continuation  of  his  investigations 
on  the  movement  and  habits  of  climbing  plants ;  and  in  October 
last,  '*The  Formation  of  Vegetable  Mould  through  the  Action  of 
Worms." 

As  a  matter  of  course,  Charles  Darwin  was  a  member  of  most  of 
the  leading  scientific  societies,  both  at  home  and  abroad.  He  had 
also  obtained  the  Royal  and  Copley  Medals  from  the  Royal  Society, 
and  the  Wollaston  Palladium  Medal  from  the  Geological  Society, 
and  had  lately  received  many  high  distinctions,  inclutling  the 
Prussian  Order  "Pour  le  Merite"  in  1871,  degrees  from  the 
Dutch  University  of  Leyden  in  1875,  and  from  that  of  Cambridge 
(LL.D.)  in  1877,  the  corresponding  membership  of  the  French 
Academy  in  1875,  and  also  the  corresponding  membership  of  the 
Academy  of  Vienna. 

In  1831  he  married  his  cousin.  Miss  Emma  Wedgwood,  who 
survives  him ;  he  also  leaves  a  family  of  five  sons  and  two  daughters. *' 


/ 


DR.    JOHN     LYCETT. 
Wk  regret  to  record  the  death  of  this  excellept  geologist,  and 
hope  to  give  some  notice  of  his  work  next  month. 

^  Most  of  the  facts  here  stated  appeared  in  the  Morning  Foat,  April  21,  1882. 
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Relations  and  Distribution. — This  form  may  be  regarded  as  the  one 
described  and  figured  by  Morris  and  Lyoett  from  a  specimen  in  the 
Scarborough  Limestone.  It  probably  represents  one  of  the  varieties 
of  Melania  sealariformis  so  characteristic  of  the  Inferior  Oolite  of 
Normandy,  and  may  possibly  be,  in  part,  Cerithium  muricatO' 
cosiatum,  Miinst. 

It  differs  chiefly  from  the  typical  C.  vetusta  (Figs.  9  and  10)  in 
the  decussating  nodes  on  the  posterior  margin  of  the  whorls. 

Fig.  A  represents  the  aperture  of  a  variety  of  Melania  sealari- 
formis occurring  in  the  Inferior  Oolite  of  Bradford  Abbas,  llie 
slight  groove  or  canal  at  the  anterior  extremity  is  scarcely  consistent 
with  the  notion  of  Chemnitzia.  The  Yorkshire  specimens  of  the 
vettista-gTOix^  are  not  sufficiently  well  preserved  to  show  for  certain 
whether  this  critical  feature  exists  or  not 

20. — ?  Cerithium  mubic ato-costatum,  M iinster,  1 844.  PL  VI.  Fig.  1 7. 

1844.     Cerithium  muricato-costatutny  Miinst.,  Goldfuss,  t.  173,  fig.  12. 

1860.     Cf.  C.  tortile,  H6b.  and  Deslong.  Foss.  of  Monti.  Bellay,  p.  39,  pi.  ri.  fig.  1. 

Description.  —  Specimen    from    the    Millepore    Bed    (zone    2). 

Leckenby  Collection. 

Leiu^h 13  mm. 

Width 3    ,, 

Shell  elongate,  narrow,  subturrited.  Apical  whorls  imperfect 
The  six  anterior  whorls  are  in  a  good  state  of  preservation,  but  the 
base  is  concealed  in  matrix.  The  longitudinal  cost®  are  straight  or 
very  slightly  curved,  and  deeply  and  regularly  decussated,  so  that 
the  sculpture  on  the  ribs  is  highly  granulated. 

Other  specimens  from  the  same  bed  are  somewhat  less  elongate, 
but  with  the  same  style  of  ornament. 

Relations  and  Distribution. — This  shell  seems  to  occupy  an  inter- 
mediate position  between  Ch.  vetustOy  whicli  has  the  rib  wholly 
unomamented,  and  Cerithium  muricatum  (Dogger  variety),  where  the 
longitudinal  and  spiral  systems  of  ornament  are  almost  of  equal 
strength.  It  should  be  regarded,  I  have  little  doubt,  as  a  Cerithium, 
but  its  relationship  to  the  vetusta  group,  which  many  people  also 
would  relegate  to  Cerithium,  induces  me  to  place  it  here  for  the 
sake  of  comparison. 

The  most  characteristic  specimens  are  found  in  the  Millepore  Bed, 
but  something  very  like  it  occurs  on  other  horizons,  even  as  high  up 
as  the  Lower  Calcareous  Grit,  where  the  form  referred  to  Cerithium 
Russiense,  D*Orb.,  is  not  very  dissimilar.  It  may  be  fairly  admitted 
that,  where  the  ornamentation  of  the  whorls  is  so  modified  by  con- 
ditions of  fossilization,  accurate  specific  distinction  becomes  almost 
an  impossibility. 

EXPLANATION    OF    PLATE    VI. 

Fio.    1.  Chemnitzia  lineatUy  Sow.  (?  =  Melania  procera,  Deslong.).     Dogger,  Blue 

Wyke.      Leckenby  Collection,     a.  Front  view ;   b. 

back  view. 
,,      2.  Ibid,    Specimen  showing  an  earlier  stage.     Dogger,  Blue  Wyke.    My 

Collection. 
y,      3.  Ibid.    Specimen  showing  a  still  earlier  stage.    Dogger,  Blue  Wyke. «  Bean 

Collection,  British  Museum. 
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Fio.    4.  Chemnitzia  lineata-proeera,  Tar.  Senrhurgensis,  Morris  and  Lycett.     Scar« 

borough  Limestone.    Leckenby  Collection. 

5.  Chemnitzia  vittata,  Phil.    Combrash,  Scarborough.    Leckenby  Collection. 

a.  Front  view ;   b.  back  view. 

6.  Ibid.     Specimen    showing  an  earlier  stage.     Combrash,   Scarborough. 

Leckenby  Collection. 

7.  Eulima  Unvigatay  Morris  ana  Lycett.    (Ttpb  Rbfiovrbd.)    Scarborough 

Limestone.     Bean  Collection,  British  Museum. 

8.  Ihid,    Variety  from  the  Combrash,  Scarborough.     Leckenby  Collection. 
,,       9.  ^^  Chemnitzia^  vetutta^  V\a[.   Millepore  Bed,  Cloughton  Wyke.   Leckenby 

Collection. 

10.  Ibid,    Specimen  from  same  locality.    Bean  Collection,  British  Museum. 

11.  Ibid.     Specimen  from  the  Dogger,  Blue  Wyke.     Leckenby  Cpllection. 

12.  ** Chemnitzia^*  vetusta  major.    Dogger,  Blue  Wyke.    Leckenby  Collection. 

13.  **  Chemnitzia'*  vettteta,  var.  seminuda.     Dogger,  Blue  Wyke.     Leckenby 

Collection. 

14.  *^  Chemnitzia*^   vetusta,   var.   ?  eealariformia,  Deslong.      Millepore  Bed, 

Cloughton  Wyke.    Leckenby  Collection. 

15  and  16.  Varieties  of  the  r«/tM/a-group.     16  from  Millepore  Bed.    16  from 

Dogger  (see  p.  248). 
A,  Body- whorl  of  a  variety  of  Melania  tealariformis^  from  Bradford  Abbas,  to 

show  the  character  of  the  aperture. 
17.  Cf.    Cerithiuin  muricato-eoetatum,  Milnst.      Millepore  Bed.      Leckenby 

Collection. 

^To  be  continued.) 
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II. — The  Glacial  Geology  of  Centkal  Wales. 

By  Walter  Keeping,  M.A.,  F.G.S. ; 

Keeper  of  the  York  Museum.* 

IN  CardiganBhire  and  the  neighbouring  counties  of  Central  Wales 
there  are  abundant  traces  of  the  action  of  the  great  accumulations 
of  ice  and  snow  which  covered  all  the  mountains  of  Britain  in  the 
Glacial  period.  In  the  valleys  lie  thick  sheets  of  Till  and  morainic 
formations,  the  hill- sides  are  rounded  and  polished  by  the  friction  of 
the  moving  ice,  and  erratic  blocks  are  strewn  in  abundance  over  hill 
and  valley  throughout  the  district. 

Geology  and  Physical  Features. — The  solid  geology  of  the  country 
has  been  already  described  by  me  elsewhere,*  and  it  is  only  necessary 
here  to  mention  that  the  whole  country  consists  of  monotonous 
repetitions  of  greywacke  (hard  argillaceous  grit),  hard  shales,  and 
imperfect  slates,  the  latter  forming  a  large  area  by  itself  in  the 
central  part 

The  whole  country  is  mountainous;  the  hills  are  rounded  and 
bare,  and  the  highest  ground  is  usually  a  dreary  level  waste  of  wet 
and  boggy  ground,  dotte<l  with  lakes  and  pools.  The  two  most 
important  physical  features  of  the  district  are  the  great  planes  of 
marine  denudation  which  limit  the  height  of  the  hills,  truncating 
their  tops,  so  that  a  view  from  the  summit  shows  a  great  plain,  irregu- 
larly broken  up  by  the  river  valleys.  The  lower  plane  rises  gradu- 
ally from  400 — 600  feet  at  the  coast  to  700  feet  inland,  and  the  higher 
plane  starts  abruptly  at  about  1100  or  1200  feet,  and  gradually 
slopes  up  to  1500,  where  it  abuts  against  the  highest  island-like 

*  Read  at  the  Meeting  of  the  British  Association,  Section  C,  at  York,  1881. 
»  Quart.  Joum.  Geol.  Soc.  1881,  p.  HI. 
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mass  of  Pl3mliraTnoii.  From  many  points  of  view  these  two  planes 
and  their  cliff-like  line  of  separation  are  strikingly  shown,  for 
example,  from  the  hills  above  Cwm  Qwarohau,  Machynlleth,  and 
between  Goginan  and  Cwm  Symlog. 

The  Drift  formations  range  over  both  these  planes  reaching  up  to 
within  100  feet  of  the  highest  ground.  They  consist  principally  of 
ice-formed  stony  clay  or  Till,  which  may  be  overlain  by  stratified 
l)eds  of  loam,  sand,  and  gravel,  of  later  glacial  age,  these  being 
covered  in  the  river  valleys  by  the  more  modern  river  gravels. 

We  may  observe  at  once  that  over  nearly  the  whole  of  this  country 
the  drifts  consist  entirely  of  local  materials,  and  when  any  difference 
of  character  occurs  in  the  general  uniformity  of  the  solid  rock,  wo 
can  usually  see  that  the  drifts  have  been  formed  from  the  degrada- 
tion of  the  rocks  within  the  present  drainage  areas.  Exceptions  to 
this  rule  are  found  only  on  the  extreme  N.  and  S.  borders  of  the 
county  (Cardiganshire). 

Glaciated  Bock  Surjfacea. — ^The  various  surface  features  usual  in 
glaciated  districts  are  well  marked  in  this  area,  many  of  the  hills 
showing  well  the  flowing  contours  on  their  sides,  and  the  valleys, 
such  as  Nant  Myheran,  exhibiting  the  broad  U-shaped  sections 
characteristic  of  old  glacier  courses.  Roches  mouionnhs,  with  polished 
and  striated  faces,  are  still  perfectly  preserved,  as  fresh  as  if  the  old 
glacier  had  but  just  left  them.  Large  erratics  and  perched  blocks 
are  abundant,  and  in  places  the  crushing  force  of  the  ice  has  torn  up 
the  ground  rock,  and  carried  the  fragments  onwards  in  a  broken 
stream  at  the  base  of  the  Till.  Examples  of  the  latter  phenomenon 
are  seen  in  the  cliffs  under  the  old  castle  at  Aberystwyth,  and  the 
coast  section  four  or  five  miles  south  of  that  town.  In  the  latter 
place  the  solid  rock  is  fractured  and  disturbed  to  a  depth  of  five  feet 
from  the  base  of  the  stony  clay. 

The  ice-polished  rocky  mounds  known  as  roches  moutonndes  are 
particularly  well  preserved  in  the  district,  the  polish  and  striation  on 
the  rocks  being  actually  as  perfect  as  those  seen  around  modern 
glaciers.  Good  examples  are  exposed  at  tHe  head  of  the  Llyfnant 
valley,  particularly  one  fine  broad  back  at  the  base  of  the  waterfall 
CJilled  Pistill  y  Llyn  ;  other  good  examples  will  be  found  in  the 
Claerwen  valley,  at  Pont  Faen,  Machynlleth,  on  the  side  of  Afon 
Tarenig,  Plynlimmon,  also  on  the  banks  of  Llyn  Fyrddyn  Fawr,  L. 
Glaslyn,  and  L.  Bugeilyn,  and  half  a  mile  west  of  Cwm  Berwyn  Farm. 

The  Slony  Clay  or  'fill. — A  good  section  of  the  Till  is  exposed  in 
the  cliffs  at  Ffos  las  and  Cwm  Ceirw,  south  of  Aberystwyth.  The 
deposit  consists  of  a  matrix  of  amorphous  stiff  blue  clay  crowded 
with  small  angular  grains  and  shaly  fragments.  This  paste  is  thickly 
studded  with  rocks  of  all  sizes,  from  mere  fragments  to  large  masses 
several  tons  in  weight.  Most  of  the  stones  are  subangular  and  well 
striated,  a  few  are  rounded,  and  others  are  unworn  and  angular. 
Patches  of  angular  blocks  occur  in  several  places,  showing  scarcely 
any  traces  of  rounding  or  striation.  All  the  rocks  are  of  local  origin. 
This  deposit  is  so  tough  that  it  forms  high  overhanging  cliffs,  seventy 
or  eighty  feet  high.     Above  the  Till  occur  roughly  stratified  clay 
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and  sandy  clay  of  pale  yellowish  colour,  with  water  worn  pebbles 
and  a  few  striated  stones.  In  places  this  graduates  into  the  under- 
lying stony  clay. 

The  main  mass  of  this  Cwm  Ceirw  drift  is  in  an  old  hollow,  ap- 
parently an  old  river  bed  with  steep  sides,  in  the  centre  of  the 
existing  valley,  the  western  hill  boundary  having  been  destroyed 
by  the  encroachment  of  the  sea  since  the  Glacial  period ;  for  where 
the  streamlet  has  cut  back  the  Till  at  the  north  end,  it  is  seen  to 
abut  against  a  nearly  vertical  wall  of  solid  rock  running  in  the  line 
of  the  present  valley. 

Some  remarkable  features  have  been  produced  in  these  cliffs  by 
the  action  of  a  number  of  small  periodic  streamlets  which  aribe  as 
springs  a  few  feet  from  the  surface.  These  have  cut  their  way  back 
into  the  Olacial  clay,  so  as  to  form  deep  open  gorges,  with  narrow, 
slit-like  seaward  openings,  also  fantastic  ridges  and  pillars,  in 
several  cases  leaving  actual  earth  pillars,  with  capping  stones,  like 
the  well-known  examples  in  the  Tyrol.  It  is  a  most  extraordinary 
and  striking  example  of  streamlet  and  pluvial  denudation. 

Another  excellent  section  is  exposed  in  the  railway  cutting  between 
Aberystwyth  and  Bow  Street  Stations,  where  the  deposit  is  of  the 
same  general  nature  but  more  clayey ;  also  the  cliff  sections  of  stiff 
stony  Till  opposite  the  village  of  Llanrwsted  are  deserving  of  notice. 

In  the  interior  of  the  country  stony  clays,  similar  to  those  already 
described,  are  of  frequent  and  widespread  occurrence  in  the  valleys 
and  along  the  sides  of  the  hills,  and  they  are  particularly  developed 
in  the  open  parts  of  the  valleys,  where  they  form  broad  and  thick 
sheets.  Examples  are  seen  in  the  valley  below  Llyn  Llygad  Kheidol 
and  in  the  Teifi  valley  below  the  Teifi  Pools.  In  the  Rheidol  valley 
near  Aberystwyth  this  drift  was  found  to  be  fifteen  feet  thick  in  a 
recent  cutting,  and  it  is  probably  much  thicker  in  places. 

The  influence  of  projecting  rocks  and  sheltered  curves  in  deter- 
mining the  deposition  and  greater  thickness  of  the  stony  clay  is 
marked  in  many  places,  as  in  the  railway  cutting  near  Bow  Street,  and 
at  Pen  Craig,  north  of  Llanilar,  where  a  **  tail  "  of  glacial  stony  clay 
has  been  laid  down  on  the  lee  side  of  the  protecting  knoll  of  rock. 

Moraines. — The  terminal  and  lateral  moraines  of  Cardiganshire 

are  not  such  well-marked  and  striking  objects  as  many  of  those  in 

Scotland  and  Snowdonia.     Their  structure  and  composition  are  also 

different,  and,  I  should  say,  less  typical ;  for  the  surrounding  rocks 

being  of  a  softer  and  more  agillaceous  character,  the  moraines  are 

also  of  a  clayey  nature.    They  may  be  described  generally  as  clayey 

masses,  full  of  comminuted  shale  fragments  and  grit,  studded  more 

or  less  abundantly  with  angular  and  subangular  stones.     Long  lines 

of  such  morainic  matter  occur  along  the  south  sides  of  Cwm  Berwyn 

and  in  Cwm  Ystwyth.     The  Cwm  Ystwyth  moraine  is  less  clayey 

than  usual,  consisting  of  a  mass  of  shale  fragments  and  angular 

stones,  like  a  rubbish-tip  of  small  material,  with  numerous  blocks 

of  grit  and  slate  of  all  sizes.     The  deposit  has  been  deeply  scored 

by  a  number  of  small  freshets  which  course  down  the  hill-sides  in 

wet  weather. 
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Terminal  Moraines, — Various  bummooky  mouDds  and  semicircular 
ridges  seen  in  the  upper  parts  of  some  of  the  valleys  are  clearly  the 
remains  of  morainic  matter  heaped  up  at  the  end  of  the  melting 
glaciers,  i.e.  Terminal  moraines.  In  some  cases  they  form  banks  at 
the  foot  of  lakes,  as  in  the  Llyn  Glaslyn,  Llyn  Owyddior,  and 
Llyn  Llygad  Eheidol,  where  they  bold  up  the  waters  beyond  the 
levels  of  their  rock  bflisins.  Other  examples  are  seen  just  below 
Diffwy R ;  and  in  the  side  valleys  at  Blaen  y  Cwm,  and  under  Craigddu 
in  Cwm  Ystwyth. 

Erratics. — The  erratic  and  perched  blocks  are  distributed  in  an 
irregular  and  promiscuous  manner,  some  areas  being  crowded  with 
tbem,  as  over  the  country  east  of  Llanfihangel  and  Cwm  Ystwyth, 
where  they  are  dotted  like  sheep  over  the  hills,  while  in  other 
places,  e.g.  around  Llynodd  leuan,  we  may  walk  for  miles  without 
seeing  one.  They  are  found  at  great  heights,  as  in  the  high  ground 
above  Cwm  Symlog  towards  Groginan,  where  fine  groups  occur  at 
1000  and  1200  feet  levels.  All  are  local  rocks,  namely,  the  Grey- 
wacke  and  Shaly  Slates  (with  certain  exceptions  to  be  mentioned 
below),  and  but  few  are  of  great  size.  Fine  examples  occur  around 
the  lakes  Llyn  Eiddwen  and  Llyn  Berwyn,  and  at  Nant  y  maen, 
Tregaron.  Some  boulders  of  quartz  east  of  Llanfihangel  may  have 
come  from  mineral  veins,  and  a  fine  boulder  of  conglomerate  on 
Grogerddan  Hill,  which  contained  a  few  fossils,  has  probably  come 
from  the  Plynlimmon  hills.^ 

These  erratics  are  angular,  and  bear  no  marks  of  water-  or  ice- 
wearing  upon  them,  and  I  regard  them  as  having  been  for  the  most 
part  laimched  ofif  from  the  sides  of  the  glaciers  and  left  stranded 
upon  the  hill-sides  as  the  ice  gi*adually  fell  to  lower  levels. 

Boulders  from  beyond  the  present  drainage  areas. — ^I  have  ali*eady 
stated  that  it  is  only  at  the  northern  and  southern  borders  of  Car- 
diganshire that  any  erratic  blocks  occur  whose  origin  cannot  be 
referred  to  the  present  valley  systems.  The  best  example  is  in  the 
charming  little  Llyfnant  Valley,  south  of  Machynlleth,  where  large 
blocks  of  felsite  occur,  which  can  only  have  come  from  the  moun- 
tains further  north,  in  the  Cader  Idris  or  Aran  Ranges.  One  of  the 
blocks  lying  in  the  Llyfnant  stream  measures  about  12x9x11  ft 
These  boulders  show  that  the  ice  from  the  mountains  of  North  Wales 
came  down  in  such  volume  that  even  the  broad  Dyfi  could  not  con- 
tain it,  and  it  overflowed  at  the  little  pass  south  of  Machynlleth  and 
streamed  down  into  the  Llyfnant  Valley.  This  is  the  only  case  I 
have  met  with  of  the  invasion  of  Central  Wales  by  the  northern  ice. 

Erratics  of  felsite  and  highly  altered  rocks  occur  in  the  main 
valley  south  of  Machynlleth,  but  these  of  course  belong  properly  to 
the  North  Wales  Valley  system. 

At  the  southern  end  of  the  county,  around  Cardigan,  is  a  glacial 
clay  of  a  different  character,  which  is  worked  for  brickmaking  at  the 
north  end  of  the  town.  It  is  a  stiff,  unctuous  clay,  slightly  gritty 
in  the  mouth,  of  a  purplish  and  bi'ownish  blue  colour,  with  a 
sprinkling  of  subangular,  ice-scratched  pebbles.  Patches  of  more 
»  See  a  paper  on  "  Geology  of  Central  Wales,"  Q.  J.G.S.  1881,  p.  168. 
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arenaoeotis  and  more  stony  Bonlder-day  also  oocnr  in  an  irregular 
manner.  The  incladed  pebbles  are  mostly  slates,  including  some 
pale  and  some  gritty  slate,  also  greywacke,  much  Mountain  Lime- 
stone, Old  Ked  Sfioidstone,  Goal-measure  Sandstone,  Felsites  and 
Greenstones.  This  deposit  appears  to  have  been  formed  by  a  large 
glacier  which  had  its  origin  in  the  Gaermarthenshire  hills  of  South 
Wales,  where  the  Upper  Pidsdozoio  pebbles  were  obtained.  Thenoe  it 
streamed  westwards,  overriding  the  intervening  watershed,  and  forcing 
its  way  down  through  the  Teifi  valley  to  the  Irish  Sea.  Boulders  of 
the  same  rocks,  foreign  to  the  district,  occur  also  in  the  country 
further  north  towards  Aberporth,  up  to  a  height  of  700  feet. 

Lakes, — Small  lakes  and  pools  are  of  frequent  occurrence  in  the 
high  ground  (on  the  higher  marine  plane)  in  Cardiganshire,  usually 
in  groups  of  two  or  more. 

The  accumulation  of  morainic  matter  at  the  bases  of  some  of  these 
lakes  has  already  been  mentioned,  but  all  are  in  the  main  true  rock 
basins,  the  morainic  accumulations  (at  Llyn  Llygad  Kheidol,  etc.,) 
adding  nothing  or  very  little  to  the  depth  of  the  basin.  There  is,  I 
believe,  no  case  of  a  simple  moraine  dammed  lake  in  the  county. 
Those  examined  by  me  proved  to  be  nearly  all  shallow  depressions 
from  7  to  32  feet  deep,^  irregular  in  form,  several  of  them  having 
islets  in  their  midst. 

An  exception  to  this  must  now  be  noticed,  namely,  Llyn  Llygad 
Rbeidol,  a  sombre  pool  under  the  precipitous  head  of  Plynlimmon, 
which  is  much  deeper  (60  feet)  than  the  others.  The  position  of 
this  lake  is  highly  favourable  for  ice  erosion,  and  the  section  of  its 
bed  agrees  better  in  shape  with  ice-worn  hollows.  It  is  indeed, 
in  my  opinion,  a  very  good  example  of  an  ice-formed  rock  basin. 
The  clayey  terminal  moraine  at  the  foot  of  the  lake  acts  as  an 
additional  dam  for  deepening  the  waters.' 

In  all  the  other  cases  there  is  no  high  ground  near  where  a  local 
glacier  of  any  adequate  size  could  have  collected.  Indeed,  the  general 
arrangement  and  directions  of  the  lakes,  the  sections  of  their  beds, 
their  contours,  and  the  features  of  the  neighbouring  land  alike  show 
that  a  glacial  erosion  theory  is  utterly  inapplicable  to  the  forma- 
tion of  these  rock  hollows,  and  we  must  refer  to  other  causes  for 
their  origin.  The  neighbourhood  of  most  of  the  lakes  is  remarkable 
for  the  frequent  foldings  of  the  rocks,  and  in  one  case  (Llyn 
Fyrddyn  Fawr)  there  is  a  fault,  with  slickensides  well  exposed  near 
the  water's  edge.  I  look  to  earth  movements  to  account  for  their 
formation. 

The  Aberystwyth    Beach    Pehhlee. — Aberystwyth   beach    is   well 

*  The  common  belief  of  the  people  is  that  the  lakes  are  very  deep,  but  all  that  I 
examined  were  shallow,  the  Teih  Pools  and  Llyn  Gynon  bein^  from  7  to  33  feet,  and 
Llyn  Gwyddior,  Llyn  Bugeilyn,  and  Llyn  Fvrdd}Ti  Fawr  about  33  feet.  Some  of 
these  measurements  of  depths  were  obtamed  by  swimming  across  the  lakes,  and  the 
rest  by  waiting  till  they  were  frozen  over,  when  the  ice  was  broken  through  with  the 
hammer,  and  a  line  let  down. 

*  Aberystwyth  now  obtains  its  water  from  this  lake,  and  I  am  indebted  to  the 
engineer,  Mr.  Stooke,  for  information  kindly  sent  me  about  the  slopes  of  the  lake 
bed,  and  the  section  of  the  moraine  at  its  ba^. 
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known  amongst ''  pebble  '*  collectors  as  one  of  the  richest  places  on 
our  coasts  for  Agates,  Jasper,  Onyx,  and  other  polishable  stones, 
which  are  largely  gathered  by  the  Tisitors.  Chalk  flints  are  also 
abundant,  together  with  a  great  variety  of  Felsites,  Porphyrites, 
Quartz  Felsites,  Granites,  Greenstones,  and  Metamorphic  rocks,  also 
Mountain  Limestone  pebbles,  often  containing  fossils.  Only  a  very 
few  of  these  pebbles  can  have  come  originally  from  any  part  of 
Wales,  and  I  have  only  recognized  two  of  the  igneous  and  metamor- 
phic pebbles  as  likely  to  be  of  Cymric  origin,  namely  a  Felsite  from 
Llanbedrog  and  a  serpentinous  rock  like  those  of  the  Lleyn  Penin- 
sula and  Anglesea. 

I  regard  these  boach  pebbles  as  being  derived  from  a  Marine 
Boulder-clay  now  submerged  in  Cardigan  Bay,  out  of  which  the 
pebbles  are  washed  and  carried  up  the  shore  by  marine  currents. 
It  is  probably  just  such  a  deposit  as  occurs  on  the  south  coast  of  the 
low  ground  in  Anglesea  and  the  Lleyn  Peninsula,  where  I  have  found 
similar  foreign  pebbles. 

Enkera, — Near  Llanrysted  Road  Railway  Station  where  the  Yst- 
wyth  Valley  opens  out  into  a  broad  plain  near  the  sea,  a  remarkable 
curved  ridge  of  sands  and  gravels  strikes  right  across  the  valley  up  to 
the  river,  which  has  cut  through  it  on  the  west  side.  It  is  about  120  ft 
high,  and  from  the  surrounding  hills  it  has  the  appearance  of  a  great 
terminal  moraine.  But  its  structure  is  totally  different  from  moraine, 
consisting  as  it  does  of  false-bedded  coarse  gravels,  sands,  and  finely 
laminated  loam  and  clay.  The  great  majority  of  the  stones  are  well 
rounded  by  attrition,  and  not  a  few  are  well  striated  by  ice. 

The  matrix  of  the  pebble-beds  is  a  coarse  sand,  the  particles  not 
rounded,  but  rather  like  the  fine  sand  left  from  lead  washings,  only 
finer.  Other  seams  are  altogether  coarser  in  grain,  and  in  places  there 
are  beds  of  finely  laminated  material  which  also  contain  a  few  stones, 
most  of  them  angular.  Altogether  this  ridge  of  gravel  and  sand 
bears  much  resemblance  to,  and  seems  to  be  the  representative  of, 
the  Eskers  of  Ireland  and  the  Eames  of  Scotland. 

Summary, — Reviewing  our  results  then,  we  find  that  in  Central 
Wales  there  are  abundant  proofs  of  a  severe  glaciation  of  the 
country  in  the  Great  Ice  age.  The  principal  evidences  are  seen  in  the 
general  features  and  contours  of  the  hills  and  valleys,  in  finely 
polished  and  striated  rock  surfaces,  in  the  stony  clays  or  tills,  the 
moraines,  and  erratic  blocks.  Excepting  the  extreme  north  and 
south,  the  glaciers  were  of  strictly  local  origin,  each  confined  to 
its  own  valle3%  there  being  no  evidence  of  any  confluence  of  the  ice 
into  a  great  mer  de  glace. 

In  the  north  the  glaciers  of  North  Wales  overflowed  into  the  Llyf- 
nant  Valley,  and  in  the  south  the  ice  from  the  mountains  of  Caer- 
marthenshire  rose  over  the  present  watershed  into  the  Teifi  VAlley 
and  on  to  Cardigan. 

Lakes  and  lakelets  are  numerous,  and  they  are  all  rock  basins ; 
one  of  them  (Llyn  Llygad  Rheidol)  is  probably  ice-formed,  and 
some  others  have  morainic  matter  at  their  base,  but  the  majority  are 
so  situated  and  of  such  construction  that  it  is  impossible  to  attribute 
their  formation  to  the  action  of  glacier-ice. 


C.  Davison —  Vorticose  Earthquake  Shocks.  267 

No  evideDce  of  any  series  of  changing  conditions  such  as  a  suooes- 
sion  of  cold  periods,  or  an  age  of  depression,  has  been  discovered,  but 
all  the  glacial  phenomena  of  the  district  must  be  referred  to  one  and 
the  same  glacial  period  when  the  country  was  covered  with  snow 
and  local  glaciers.  The  sands  and  gravels  are  either  distinctly  of 
fresh- water  origin  (as  the  Kheidol  river  gravels),  or,  as  in  the  case 
of  the  Esker  Ridge  of  Llanrhysted  Koad,  of  doubtful  origin ;  and  this 
latter  I  refer  to  the  combined  action  of  water  and  ice,  the  accumu- 
lation of  ice  causing  special  drainage  conditions  determining  the 
position  and  influencing  the  construction  of  the  deposit 


III. — On  the  Theory  of  Vobtioosb  Earthquake-Shocks. 

By  Chaklbs  Davison,  B.A.,  Late  Scholar  of  Emmanuel  College,  Cambridge. 

BABTHQUAKE-SHOCKS    have    generally  been   divided    into 
three  classes : 
a.  Undulatory  shocks,  by  far  the  most  commonly  felt,  consisting 
of  one  or  several  waves,  the  movement  at  any  place  being  to  and 
fro  along  a  line  inclined   to  the  horizon,  but  in  general   nearly 
horizontal. 

h.  ''  Sussultatore'*  shocks,  consisting  of  one  or  more  up-and-down 
movements,  in  a  nearly  vertical  direction. 

c.  Vorticose  shocks,  consisting  sometimes  of  a  true  rotatory  motion, 
but  generally,  it  would  seem,  of  undulatory  or  "  sussultatore  "  move- 
ments crossing  one  another  in  different  directions,  so  that,  it  has 
been  said,  the  surface  of  the  ground  appears  like  the  irregular  surges 
of  a  troubled  sea. 

It  is  with  the  last  of  these,  the  vorticose  shocks,  that  we  intend 
to  deal  in  this  paper ;  we  shall  also,  however,  point  out  one  or  two 
conclusions  which  may  be  drawn  from  their  occurrence,  and  briefly 
state  the  connexion  that  subsists  between  the  three  kinds. 

Nature  of  Vorticose  Shocks. — The  following  descriptions  of  some 

vorticose  shocks  may  be  given  in  illustration  of  the  above  definition  : 

1845,  Aug.  16,  at  Eagusa  (Dalmatia),  an  earthquake,  preceded  and 

followed  by  loud  subterranean  noises ;   it  was  at  first  undulatory, 

afterwards  vertical ;  it  lasted  8  seconds.^ 

1858,  Aug.  6,  at  Oneglia,  an  earthquake,  which  was  at  first  vertical, 

afterwards  undulatory  from  N.  to  S.,  and  of  8  seconds  duration.' 
1812,  March  26,  at  Caraccas.  The  first  shock  of  this  disastrous 
earthquake  lasted  5  or  6  seconds.  Immediately  after  this  there 
was  a  second  shock  of  from  10  to  12  seconds  duration,  during 
which  the  ground  seemed  to  boil.  Afterwards  a  subterranean 
noise  louder  than  thunder  preceded,  by  about  3  or  4  seconds,  a 
vertical  movement,  followed  by  an  undulatory  movement,  in  which 
the  shocks  were  from  N.  to  S.  and  from  E.  to  W.' 

^  M.  Perrey.  "  Liste  les  tremblements  de  terre  ressentis  pendant  les  annees  1846 
et  1848"  :    Mem.  de  TAcad.  de  Dijon,  1845-46. 

*  M.  Perrey.  **  Note  sur  les  tremblements  de  terre  en  1858,  etc."  :  M^m.  Cour. 
de  I'Acad.  Roy.  de  Belgique  (1861),  Collection  in  8vo.  tome  xii. 

'  M.  Perrey.  **Note  historique  sur  les  tremblements  de  terre  des  Antilles": 
Comptes  Rendus  (June  12,  1843),  vol.  xvi.  pp.  1283-1303. 
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1881,  July  5,  Tokio,  Japan.  "At  the  oommenceTDent  of  tbe  shock 
the  motion  was  N.  112^  E. ;  1^  second  after  this  the  direction  was 
N.  50°  E. ;  f  seoond  more  it  was  N.  145°  E. :  and  after  a  similar 
interval  N.  62°  E." » 

1880,  July  14-26,  Manila,  Luzon.  July  14,  12-33  p.k.:  "The 
horizontal  pendulum  [of  the  seismograph]  inscrihed  a  cross  with 
arms  almost  at  right  angles,  the  first  hearing  from  S.E.  10°  E.  to 
N.W.  10°  W. ;  the  seoond  from  S.W.  5°  W.  to  N.E.  5°  E."  July 
18,  12  40  P.M. :  "  when  the  great  earthquake  of  oscillation,  tre- 
pidation, and  what  is  commonly  called  rotatory  movement,  occurred 
simultaneously.  Its  duration  was  Im.  10s.  It  is  impossible  to 
describe  all  the  movements  of  the  pendulum  on  account  of  their 
number  and  variety."  The  principal  directions  were,  however, 
from  E.  5°  S.  to  W.  6°  N. ;  from  S.W.  to  N.E. ;  and  from  N.  4°  W. 
to  S.  4°  E.  July  20,  3  p.m.:  "the  oscillation  and  trepidation 
movements  alone  were  experienced,  but  with  extraordinary 
violence.     The  oscillation  of  the  pendulum  was  directed  from 

S.E.  16°  E.  to  N.W.  16°  W The  pendulum  continued 

oscillating  during  the  whole  of  the  evening  from  N.E.  to  S.W." 
"At  10*40  P.M.  a  second  shock  occurred,  in  which  the  principal 
directions  were  from  E.  to  W.  and  from  N.E.  to  S.W.' 

1864,  Oct.  20,  Coquimbo,  Chili.    Two  shocks  ;  the  first  was  vertical, 
the  second,  which   followed  it  immediately,  was  circular,  and 
lasted  18  seconds.' 
Many  instances  of  a  similar  nature  are  to  be  found  in  the  memoirs 

of  M.  Perrey  and   other  seismologists.      The  descriptions,  when 

given  at  all  fully,  seem  to  bear  out  the  following  conclusions : 

1.  The  occurrence  of  shocks  as  vorticose  shocks  is  dependent  upon 
the  position  of  the  points  of  observation ;  for  often  during  a  given 
earthquake  the  nature  of  the  shock  varies  throughout  the  disturbed 
area.  Mr.  Mallet's  great  work  on  the  Neapolitan  earthquake  of 
1867  affords  an  excellent  example  of  this  statement 

2.  Vorticose  shocks  are  generally  felt  as  such  only  at  places  verti- 
cally, or  nearly  so,  above  the  centre  of  disturbance.  This  fact,  or 
its  converse,  seems  to  have  been  recognized  both  by  Prof.  Perrey 
and  Mr.  Mallet,  the  two  founders  of  Seismology.  "  All  is  irregular, 
jerking,  tumultuous  at  the  centre  of  disturbance,"  says  M.  Perrey, 
"then,  at  a  certain  distance,  the  vibrations  become  more  regular, 
and  are  propagated  under  the  foi-m  of  undulations  perhaps  isochron- 
ous."* The  universal  testimony  of  those  who  have  experienced 
vertically  arriving  shocks,  Mr.  Mallet  remarks,  "  is  of  a  twisting 
and  wriggling  motion  in  different  planes,  violent  in  its  changes  of 

»  Prof.  J.  Milne.  Letter  on  "Earthquake  Vibrations"  :  Nature  (Dec.  8,  1881), 
vol.  x.\v.  p.  126. 

*  The  above  are  notes  of  the  principal  shocks  taken  from  the  account  by  Father 
Faura  of  his  observations  and  seismographic  records  at  Manila :  Proc.  Koy.  Soc. 
(Feb.  17,  1881),  vol.  xxxi.  pp.  462-8. 

*  M.  Perrey.  **Note  sur  les  tremblements  de  terreen  1867,  etc."  :  Mem.  Cour. 
de  I'Acad.  Roy.  de  Belgique  (1860),  Collection  in  8vo.  vol.  x. 

*  M.  Perrey.  **  Sur  los  tremblements  de  terre  ressentis  dans  le  bassin  du  Khone  "  : 
Ann.  de  la  Soc.  Roy,  d'Agric.  de  Lyon  (1846),  vol.  viii.  pp.  266-370. 
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direction,  and  attended  by  a  movement  up  and  down  of  much 
greater  range,  to  which  the  word  '  Bussultatore '  is  often  applied."  ^ 
We  may  further  state  in  support  of  this  fact : 

a.  That  vorticose  shooks  often  consist  in  part  of  vertical  move« 
ments.  This  is  noticeable  in  most  of  the  instances  given  above,  and 
in  nearly  all  of  those  mentioned  by  M.  Perrey. 

b.  That  they  are  felt  near  those  places  which  we  gather  from  other 
evidence  to  be  vertically  above  the  centre  of  disturbance,  the  other 
evidence  being :  earlier  occurrence  in  point  of  time,  occurrence  near 
the  centre  of  the  disturbed  area,  observations  on  the  direction  of  the 
shock.  Thus,  in  the  Neapolitan  earthquake  of  1857,  all  the  points 
where  vorticose  shocks  were  felt  were  near  the  place  indicated  by 
Mr.  Mallet  as  the  superficial  position  of  the  seismic  focus. 

6.  That  Humboldt  remarks,  when  treating  of  rotatory  shocks,  that 
walls  were  observed  to  be  twisted,  but  not  thrown  down  by  them 
(Cosmos,  vol.  i.).  This  implies  a  nearly  vertical  angle  of  emergence, 
and  therefore  proximity  to  the  place  (which  we  may  call  the  seismic 
vertex)  vertically  above  the  centre  of  disturbance. 

d.  That  vorticose  shocks  are  sometimes  preceded  or  followed  by 
very  feeble  shocks  felt  only  at  or  near  the  same  places.  Thus,  the 
earthquake  (at  first  vertical,  afterwards  undulatory)  felt  at  Laybach, 
on  Nov.  9,  1856,'  was  followed,  about  nine  hours  afterwards,  by  a 
feeble  shock,  which  is  not  mentioned  (as  M.  Perrey  expressly  states) 
as  having  been  noticed  at  any  other  place.  Now  if  a  shock  be  so 
feeble  that  it  can  only  just  be  felt  within  a  very  limited  area  at  the 
surface  of  the  earth,  the  centre  of  that  area  must  be  vertically  above 
the  seismic  focus.  Hence,  assuming  that  both  earthquakes  originated 
at  the  same  spot,  this  second  shock  corroborates  our  inference  that 
Laybach  was  near  the  seismic  vertex. 

3.  Vorticose  shocks  are  usually  of  rather  long  duration,  the 
average  of  over  thirty  cases  in  which  the  duration  is  explicitly  stated 
being  about  20  seconds.  From  this  we  must  infer  either  that  the 
cause  producing  the  earthquake  does  not  act  instantaneously,  or, 
more  probably,  that  the  seismic  focus  is  of  some  magnitude.  In  the 
latter  case,  the  velocity  of  the  earthquake  wave  being  about  800  feet 
per  second,  it  follows  that,  if  the  duration  of  a  shock  be  20  seconds, 
the  seismic  focus  must  have  been  at  least  three  miles  long  in  one 
direction,  for  the  time  of  vibration  of  each  particle  of  rock  is  very 
small,  probably  only  a  fraction  of  a  second.  We  may  also  add  that, 
according  to  Mr.  Mallet,  the  seismic  focus  of  the  Neapolitan  earth- 
quake of  1857  was  a  fissure  nine  geographical  miles  in  length  and 
three  in  height. 

Theory  of  Vorticose  Shocks, — Several  explanations  have  been  offered 
to  account  for  vorticose  shocks,  and  may  here  be  briefly  described, 
before  proceeding  to  suggest  what  we  believe  to  be  their  most  pro- 
bable cause.  The  first  two,  it  should  be  remarked,  were  proposed 
before  the  publication,  in  1846,  of  Mr.  Mallet's  paper  on  "The 

1  Mr.  R.  Mallet.     "  The  Neapolitan  Earthquake  of  1857,"  vol.  i.  p.  76. 
*  M.  Perrey.     "Note  sur  les  tremblements  de  terre  en  1856, etc.*'  :  M^m.  Coui. 
de  TAcad.  Koy.  de  Belgique  (1859),  Collection  in  8vo.  vol.  \ui. 
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Dynamics  of  Earthquakes,"  and  therefore  before  the  mechanism  of 
earthquttkes  was  clearly  understood. 

M.  Bamond,  who  had  For  many  years  explored  the  Pyrenean  range 
and  experienced  nnmeroua  earthquakee,  says,  "  I  have  felt  aa  many 
as  t«n  or  twelve  ahockg  in  the  oourae  of  one  night,  and  I  am  quiie 
sure  that,  although  the  oecillationH  usually  took  place  in  the  direc- 
tion from  north  to  south,  the  propagation  was  made  in  the  direction 
of  the  chain,  in  suoh  manner  that  all  the  rocks  aucoessively  dis- 
turbed were  found  on  the  same  parallel.  This  apparent  contradiction 
is  easy  to  explain  ;  an  explosion  which  traTersee  a  series  of  distant 
cavities,  must  exert  all  its  energy  on  their  lateral  walls,  and  impress 
on  them  movements  of  vibration,  which  open  them  and  draw  tbein 
together  in  a  direotian  that  crosses  at  right  angles  tho  line  of  pro- 
pagation." ' 

Prof.  Perrey  suggests  two  theories,  but  does  not  state  which  he 
considers  the  more  probable.  One  is  similar  to  that  of  Baron 
Bamond ;  the  other  involves  the  hypothesis  of  a  thin  solid  onist,  and 
is  as  follows:  "Let  us  admit  at  ibe  internal  surface  of  the  solid 
crust  of  the  globe  (supposed  fluid  in  the  interior),  an  immense  pro- 
tuberance, a  kind  of  mountain,  which,  to  fix  our  ideas,  we  shall  sup- 
pose directed  parallel  to  the  axis  of  an  external  valley,  a  great  river- 
basin  for  example.  Let  as  imagine  the  central  nuclens,  or  a  part  of 
the  materials  which  compose  it,  to  strike  this  mountain  at  one  of  its 
extremities  and  in  the  direction  of  the  axis  of  the  chain ;  the  move- 
ment will  certainly  propagate  it«elf,  according  to  the  above  hypo- 
thesis, along  the  axis  of  the  external  basin  ;  but^  on  the  other  hand, 
will  there  not  be  produced  derived  movements  which  will  manifest 
themselves  ontside  on  the  flanks  or  slopes  of  the  basin,  by  vibra- 
tions, diverging  oscillations,  or  oscilUtions  which  will  even  be 
perpendicular  to  the  axis  of  the  basin." ' 

Mr.  Uallet  supposes  these  sboaks  to  be  cansed  by  the  transversely 
vibrating  particles'  describing  curves  similar  to 
those  in  the  annexed  figure  (Fig.  1).  He  con- 
sidera  that  for  small  angles  of  emergence  the 
transverse  vibrations  in  nearly  vertical  planes  are 
of  very  little  importance,  and  may  he  neglected  in 
comparison  with  the  direct  vibrations;  bnt  that 
for  vertically  arriving  shocks  the  horizontal  trans- 
verse movements  would  be  powerful  enough  to 
cause  the  "  twisting  and  wriggling  motion,  violent 
in   its   changes  of  direction,"    whilst  the   direct 

'  Jaurniil  ie»  Mines,  vol.  lii,  pp.  95-96.  Quoted  b?  M.  Perray.  "  U&moiie  am 
lee  tremblemeuts  de  terre  reeseutu  eu  PraTice,  en  Beigique  et  en  Hollaude,  etc."  : 
Mfm.  Cour.  de  TAcad,  Koj.  de  Braielle*,  toI.  iviii.  p.  103. 

'  M.  I'erref .  "  Sur  lea  tremblemenU  de  terrenssentisdans  le  busin  du  Rhone": 
Ann.  dels  Soc.  Roy.  d'Agric.do  Lyon  (18i5),voL  viii.  p.  341. 

'  If  a  disturbance  tnke  place  at  any  point  of  a  homogeneoiu  and  uotropic  solid, 
tiro  spherical  waiee  will  diverge  from  that  point  with  uoeaaal  velocitiea.  In  the  first 
evCTj  pttrticlB  moves  approiimarelj  along  a  line  joinii^  it  to  the  centre  ot  disturb- 
ance, and  the  coireepondin^  VHve  is  said  to  coneiit  of  direct  vibratioiiB.  In  the 
eecond  the  particlee  ribiHte  m  planes  perpendicular  to  the  lines  joining  tbetn  to  the 
— 1 uij — I. imj  gjg  ^ij  ^^  eiecnte  tranivene  vibrationa. 
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Tibrations  would  produce  the  attendant  up-and-down,  or  "  snssulta- 
tore,"  movement  of  greater  range."  * 

Prof.  J.  Milne  remarks  that  some  of  the  Japanese  earthquakes  are 
compounded  of.  direct  and  transverse  vibrations,  and  he  gives  as  an 
example  the  instance  already  quoted  from  his  letter  to  Nature.  It 
is  quite  possible,  especially  if  the  seismic  focus  be  at  no  great  depth 
and  yet  of  some  magnitude,  that  the  direct  and  transverse  waves 
may  not  have  completely  separated  before  reaching  the  surface  of 
the  earth,'  in  which  case  the  vibrations  of  one  wave  will  combine 
with  those  of  the  other,  and  will  certainly  produce  shocks  similar  to 
those  described  above,  provided  the  transverse  vibrations  are  com- 
parable in  magnitude  with  the  direct  vibrations. 

We  come  now  to  the  theory  which  it  is  the  principal  object  of 
this  paper  to  explain,  and  we  shall  confine  ourselves  at  first  to  the 
wave  consisting  of  direct  vibrations.  If  the  seismic  focus,  or  centre 
of  disturbance,  be  a  mathematical  point,  and  the  earth  be  supposed 
homogeneous  and  isotropic,  the  earthquake-wave  at  the  surface  will 
be  of  a  circular  form  (because  every  plane  section  of  a  sphere  is 
a  circle),  and  the  shock  at  any  point  will  seem  to  come  along  the 
surface  from  the  centre  of  the  circle,  i.e,  from  the  seismic  vertex. 
Hence,  it  follows  that,  if  during  an  earthquake  consisting  of  direct 
vibrations,  the  shock  appears  to  one  observer  to  come  successively 
from  dififerent  directions,  there  must  be  a  seismic  vertex  correspond- 
ing to  each  direction,  and  a  centre  of  disturbance  to  each  seismic 
vertex,  and  therefore  that  the  seismic  focus  cannot  in  this  case  be 
a  mathematical  point.     (See  also  p.  259.) 

Let  us,  then,  investigate  the  effect  at  a  point  P  on  the  surface  of 
the  earth,  of  a  disturbance  proceeding  from  a  seismic  focus  of  any 
form  and  magnitude,  and  acting  simultaneously  throughout  its 
whole  extent,  P  being  within  the  area  vertically  above  the  seismic 
focus.  With  P  as  centre  imagine  an  infinite  number  of  spheres, 
indefinitely  near  one  another,  and  intersecting  the  focus,  so  that  it 
may  be  supposed  made  up  of  the  portions  of  the  spheres  included 
within  it :  and  consider  any  one  of  these  spherical  portions.  The 
disturbances  from  every  point  of  it  will  reach  P  at  the  same  instant 
and  will  affect  it  simultaneously. 

Now  as,  at  any  instant,  the  particle  of  rock  at  P  must  be  moving 
in  some  definite  direction  and  with  some  definite  velocity,  we 
may  suppose  the  disturbances  from  the  corresponding  sphere  to  be 
replaced  by  a  disturbance  at  some  equivalent  point,  the  effect  of 
which  at  P  will  be  exactly  the  same  as  that  of  all  the  disturbances 
together  proceeding  from  the  spherical  portion  considered ;  and  the 
shock  at  P  will  appear  to  come  in  the  direction  from  a  point  (which 
we  may  call  the  apparent  seismic  vertex)  vertically  above  the 
equivalent  centre. 

^  Mr.  R.  Mallet.     **  Neapolitan  Earthquake  of  1867,"  vol.  i.  pp.  76-78. 

*  If  fl  and  b  be  the  distances  of  the  necwest  and  furthest  points  of  the  seismic 
focus  from  any  place,  V  the  velocity  of  the  direct  wave,  v  that  of  the  transverse 
wave,  and  A  the  length  of  the  former ;  the  two  waves  will  not  have  separated  before 

reaching  the  given  place  if     ^     is  greater  than  —    • 
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Correspooding,  then,  to  the  portioa  of  each  ephere  inoluded  within 
tlie  foous.  there  will  be  an  equivalent  centre  of  disturbance,  and 
these  equtvaleot  oeatres  will  not  coincide  with  one  another,  but  their 
positiona  will  be  dependent  upon  tfae  form  of  the  seiiimio  focus 
and  Qpon  the  intenai^  of  the  diaturbanoe  at  each  point  of  it.  If, 
however,  the  focna  be  such  that  any  two  poinla  of  it  can  be  con- 
nected by  a  line  lying  wholly  within  it,  and  if  the  intensity  vaiy 
oontinnously  from  point  to  point,  the  equivalent  centres  will  lie 
upon  a  oontiniioue  curved  line.  It  will  be  Been  that  for  different 
positions  of  P,  the  distribution  of  equivalent  centres  may,  and  pro- 
bably  will,  be  entirely  difierent. 

We  may  therefore  suppose  the  seismic  focus  to  be  replaoed  by  a 
number  of  equivalent  points,  and  a  corre- 
sponding disturbance  at  each  point,  each 
sSecting  P  at  a  different  instant  of  lime. 
Suppose  A,  B,  C,  D,  E,  etc.,  to  be  the  series 
of  equivalent  points  for  any  point  P  on  the 
Burfaoe  of  the  earth  (in  the  order  in  which 
the  disturbances  from  them  affect  P) ;  a,  h, 
c,  d,  f,  etc,  the  corresponding  apparent 
seismic  vertices.  Then  the  disturbances  at 
P  will  appear  to  come  along  the  surface 
from  a,  b,  e,  d,  e,  etc.,  in  tbe  direction  and 
order  indicated  by  the  numbered  arrow- 
heads. 

Fixing  our  attention  upon  any  one  of  the 
spherical  portions,  let  ua  suppose,  for  a 
moment,  the  rest  of  the  focus  annihilated, 
and  consider  tbe  motion  of  the  particle  at 
P.  It  will  begin  to  move  in  some  definite 
direction,  and  will  continue  to  move  until 
the  molecular  forces  brought  into  action  by 
its  displacement  compel  it  to  stop  ;  it  would 
then  return  nearly,  or  quite,  to  its  original 
position,  but  before  tiie  movement  is  completed,  disturbances  from 
succeeding  spheres  will  reach  the  point  P,  and  will  affect  its 
subsequent  motion,  though  not  the  vibratory  character  of  that  motion. 

Hence,  remembering  that  tbe  earth's  crust  is  seldom  or  never  quite 
homogeneous  and  isotropic,  that  tbe  seismic  focus  may  be  of  any 
form  and  magnitude  and  may  even  consist  of  detached  portions,  that 
the  disturbances  at  different  points  of  the  seismic  foous  are  not 
necessarily  of  equal  intensity,  and  that  tbe  disturbances  do  not 
necessarily  take  place  simultaneously  throughout  tbe  whole  extent  of 
the  seismic  focus,  it  is  evident  that  we  have  a  cause  sufficient  to  pro- 
duce any  vorticose  shook  however  complicated,  and  any  variety  in 
the  changes  of  direction. 

It  will  be  seen  also  that  the  same  reasoning  may  be  applied  to 
earth -waves  consisting  of  transverse  vibrations,  whether  these 
vibrations  are  executed  in  straight  lines  or  curves. 

As  an  illustration,  let  us  take  the  cose  of  a  seismic  focus  (drawn 
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elliptical  in  the  figure,  for  limplioity)  ooneietin^  of  a  fissure  approzi- 

nately  place,  an^  incliaed  to  the  horizon ; 

and  let  ub  consider  the  efieot  at  a  point 

P  nearly  above  its  upper  end.     The  ahock 

will   consist   of  vibrations  wbioh  will   at 

first  be  nearly  vertical  (or  "snsiultatore  "), 

bnt  will  f^tlually  become  more  horizontal, 

theirdireotionohanging  in  theorder  indicated 

by  the  numbered  arrowheads,  so  that  the 

shook  will  end  by  being  slightly  rotatory 

in  the  direction  of  the  curved  arrow.     If 

P  be  taken  on  the  other  side  of  the  line  ab, 

the  rotary  inoTement  will  be  in  the  opposite 

diFaation.     Lastly,  if  P  be  taken  on  or  near 

116,  tbe  shook  will  be  at  first  vertical  and 

aflsrwardB  uudulatory  in  the  direction  6  to  a. 

Sometimes  vertical  shocks  of  long  duration 
are  observed,  as,  for  instance,  the  earthquake 
at  Coqnimbo  on  Feb.  2d,  1853,  which  was 
deaoribed  as  being  vertical  and  lasting  75 
seoonda.  The  seismio  focus  was  probably 
a  vertical  plane  fissure  several  niiies  in  length,  and  the  place  of 
obeervation  almost  directly  above  its  middle  point. 

Conversely,  from  the  chHmctar  of  the  vorticoae  shock  as  observed 
st  two  or  more  places,  vre  might  make  important  inferencea  r^ard- 
ing  the  nature  and  position  of  the  corresponding  seismic  focus. 

Connexion  belueen  the  three  clattes  of  Earthquake -ihocks.  —  The 
same  method  may  be  employed  for  investigating  the  efiect  of  the 
earthquake  at  a  point  P,  so  distant  that  the  seismic  focus  subtends  at 
it  only  a  small  solid  angle.  The  equivalent  centres  will  lie  very 
nearly  on  the  straight  lino  joining  P  to  the  centre  of  the  focus,  and 
therefore  the  shock  will  vary  but  slightly,  if  at  all,  in  direction,  and 
will  be  felt  as  a  series  of  regular  isochronous  vibrations  (varying, 
perhaps,  in  intensity),  provided  the  seismic  focus  be  such  that  any 
two  points  of  it  can  be  connected  by  a  line  lying  wholly  within  it     ' 

llius  we  are  led  to  the  following  conclusion  :  that  the  three 
different  kinds  of  earthquakes,  mentioned  at  the  commencement  of 
this  paper,  are  not  independent,  but  are  different  manifestations  ol 
the  same  phenomenon,  the  efiect  of  the  mere  size  of  the  seismio 
focus.  If  the  focus  be  very  smoil,  a  single  undulation  will  be  fell 
at  all  points  of  the  disturbed  area ;  if  of  medium  size,  the  mtj 
ment  above  it  will  be  "  snesultatore,"  in  other  parts  undulatory 
it  be  large,  the  movement  above  it  will  be  "sussultatore"  and  vorti- 
cose, in  the  immediate  neighbourhood  of  the  seismio  vertex  undula- 
tory and  vorticose,  and  in  other  places  undulatory. 

Again,  since,  in  any  given  earthquake,  the  undulatory  movement 
is  felt  over  a  very  much  larger  area  than  the  "  susHiiltatore  "  and 
vorticose,  it  follows  tliat  the  chance  of  its  being  felt  as  such  is  80 
much  the  greater,  and  therefore  tliat  undulatory  shocks  should  be 
recorded  very  much  more  frequently  than  "sussultatore"  and  vQrt.v> 
oose  shocks. 
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Twisting  of  Bodies  during  Earthquakes, — Voitioose  shooks  being 
thus  neoessary  consequences  of  a  large  seismic  focas,  it  is  but  natural 
that  we  should  recur  to  the  explanation  usually  given  by  geologists 
of  the  twisting  of  bodies  during  earthquakes  before  the  publication 
of  Mr.  Mallet's  memoir  ^  in  1846,  and  it  will  be  noticed  that  the 
objection  to  the  vorticose  theory  urged  by  Mr.  Darwin  (in  1839),' 
that  under  every  object  so  turned  there  must  have  been  a  separate 
vorticose  movement,  loses  its  force  on  the  view  here  presented. 

Mr.  Mallet  recognizes  two  ways  in  which  bodies  may  be  twisted 
on  their  bases.  (1.)  **  By  the  action  of  a  single  shock,  when  the 
centre  of  adherence  of  the  base  of  the  object  lies  to  one  side  or 
other  of  the  vertical  plane  passing  through  the  centre  of  gravity  and 
the  line  of  the  wave-path.''  (2.)  By  the  conjoint  action  of  two 
closely  successive  shocks  in  different  directions.  The  second  shock 
in  the  latter  case  he  apparently  supposes  to  be  due  to  some  cause 
distinct  from  that  directly  producing  the  first,  but  his  description  of 
the  manner  in  which  bodies  are  thus  twisted  being  equally  applic- 
able to  twisting  by  true  vorticose  shocks,  we  may  here  transcribe  it 

**  By  the  first  shock  the  body  is  tilted  up  from  its  base,  but  not 
overthrown,  so  that  for  a  time  greater  or  less  it  rests  wholly  upon 
one  edge  of  its  base ;  while  thus  poised,  if  another  shock  should 
bear  upon  it  in  any  direction  transverse  to  the  first,  it  acta  as  usual 
at  the  centre  of  gravity  of  the  body,  to  displace  it  by  inertia,  in  the 
contrary  direction  to  the  wave  transit ;  but  the  body  is  held  more 
or  less  by  friction  at  the  edge  momentarily  in  contact  with  its 
support,  and  there  only  ;  but  this  edge  must  always  lie  to  one  side 
of  the  vertical  plane  passing  through  the  centre  of  gravity  in  the 
direction  of  the  [second]  wave-path;  hence  the  tilted  body,  while 
relapsing  upon  its  base,  also  rotates  round  some  point  situated  on 
the  edge  of  its  base  upon  which  it  had  been  tilted,  and  thus  it  comes 
to  rest  in  a  new  position." ' 

Application  to  the  Theory  of  Earthquakes, — We  shall  now  point 
out  two  inferences  which  may  be  drawn  from  the  occurrence  of 
vorticose  shocks,  viewed  in  the  light  of  the  theory  above  described. 

(I.)  Upon  this  theory,  vorticose  shocks  can  only  occur  within  a  short 
distance  of  the  seismic  vertex,  unless  they  should  happen,  in  some 
exceptional  cases,  to  be  produced  by  some  cause  distinct  from  that 
producing  the  earthquake;  and  upon  the  two  transverse-vibration 
theories  this  statement  is  also  approximately  true.  As  a  general 
rule,  therefore,  we  may  consider  the  place  where  a  vorticose  shock 
is  observed  as  nearly  coincident  with  the  seismic  vertex.  Seismo- 
graphic  maps  of  any  region  showing  the  positions  of  all  the 
seismic  vertices  occurring  within  it,  especially  if  the  depths  of  the 
corresponding  foci  were  also  indicated,  would  doubtless  lead  to  more 
accurate  information  concerning  the  relations  of  seismic  foci  to  one 
another  and  to  mountain  ranges,  etc.,  than  can  be  obtained  from 

*  "  On  the  Dynamics  of  Earthquakes,"  Trans.  Roy.  Irish  Academy  (1846),  vol. 
xxi.  pp.  61-105. 

»  "Naturalist's  Journal"  (1879),  p.  308. 

»  *' Neapolitan  Earthquake  of  1867,"  vol.  i.  pp.  377-8. 
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K  map,  Kuoh  as  Ur.  Mallet's,  in  whioli  the  whole  area  dietarbed 
daring  each  earthquake  is  oolonred. 

(2.)  Having  given  the  position  of  the  plaoe  where  a  vortiooae  or 
vertioal  ihock  ia  obaerved,  and  also  the  times  at  which  the  earth- 
quake  is  felt  at  three  places  at  different  distances  from  the  seismic 
TOrtez,  and  assuming  that  the  velocity  ia  the  same  along  the  radii 
drawn  to  theee  pUoes,  we  can  determine  the  depth  of  tiie  seiamio 
fbona  and  the  velocity  of  the  earthqn&ke-wave. 

Thns,  let  0  be  the  seiamio  foous,  P  the  plaoe  where  the  vortioofle 
abook  ia  felt,  so  that  OP  is  nearly 
or  qnlte  vertical,  and  A,  B,  O,  three 
plaoea  where  the  time  of  the  shook 
is  observed,  and  which  we  may 
(foraimplicity  of  figure,  and  with- 
out loaa  of  generality)  suppose  to 
he  in  a  straight  line.  Let  PA  =  a, 
PBz=b.  PG=ei  0P  =  %,  the 
depth  of  the  seiamio  foous ;  f  the 
nnmber  of  secoode  between  the 
ooourrenoe  of  the  shock  at  0  and 
st  A,  If  between  that  at  0  and  at  B :  and  F  the  velocity  of  the 
earth-wave. 

Then,  R=  OA—OC^\/t^  -|-  a'  -  Vi'  +  k 

n-=03-0C  =  \/7+^-Vt^^^. 
Transposing  and  aqoaring  each  of  theee  equations,  we  obtcun — 

2rtV%'  +  t!'  =  <i'-o'—r^c (1) 

2  nrv7+^  =  }•  —  «'— r^-" (2) 

/.     f(a'—e>—  r'P)  =  t{b'  —  ^—  Vt"*) 

a^-^)-ui-^)     

From  equation  (3)  we  can  find  the  value  of  F,  which,  substituted  in 
(1)  or  (1£},  will  give  the  value  of  e,  >'.«.  the  depth  of  the  seismic  foous. 
If  one  of  the  places  where  the  time  ia  obaerved  be  that  at  which 
the  vorticose  shock  is  felt,  c  =  0,  and  the  equations  for  determiuiug 
Kand  z  become 

r»  -  <'"'  —  <*'    anj     _  a'—  VP 

"  a  it—  ()'      '       2  Ft    ' 

IV. — StiBeoiL  Dkmudation  of  Boulbkb-Clat, 
Bj  T.  Mbluad  Bbadi,  F.O.S. 

ON  removing  the  superficial  sand  and  soil  to  prepare  fur  getting 
clay  for  brick-making,  it  ia  not  unusual  to  find  the  surface  of 
ths  Boulder-clay  in  this  neighbourhood  corrugated  with  tortuous 
channels.  These  channels  are  commonly  filled  with  slatchy  sand 
anil  gravel,  which  must  be  removed  before  the  olay  can  be  obtaxueA. 
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At  tbe  present  time  there  is  an  excellent  example  to  be  seen  in 
Earle  Road,  Smithdown  Boad,  Liverpool,  next  to  the  site  of  a  new 
Board  Sohool  that  I  am,  as  architect,  superintending.  The  surface  of 
the  ground  slopes  rather  quickly  to  the  valley  below,  and  the  super- 
ficial strata  consist  of  soil  and  a  yellow  subaerial  quartzose  sand, 
together  from  4  to  5  feet  deep,  in  which  there  are  no  stones  or  gravel.^ 
This  sand  we  are  using  for  mortar,  it  being  what  is  called  ''  sharp," 
or  consisting  of  angular  grains.  Below  this  the  corrugations  of  the 
Boulder-clay  are  better  developed  than  I  have  seen  elsewhere,  and 
give  a  clue  to  the  origin  of  these  channel-like  depressions.  They 
have  just  been  cleared  of  the  infilling,  consisting  of  dirty  clayey  sand, 
gravel  and  stones,  and  their  structure  is  clearly  displayed.  They 
are  on  the  average  about  four  feet  wide,  and  three  feet  deep,  but  one 
reaches  to  over  eight  feet  wide,  and  they  wind  about  in  the  most 
indescribable  fashion,  but  none  of  them  have  any  outlet  that  I  could 
discover,  nor  are  they  all  connected.  The  sides  of  some  of  these 
channels  slope  on  one  side  and  are  undercut  on  the  other,  that  is, 
the  clay  overhangs  the  channel  on  one  side.  A  few  small  boulders 
were  included  in  the  sand  infilling. 

The  explanation  of  these  curious  channels  appears  to  me  to  be 
this :  they  are  cracks  or  shrinkages  in  the  Boulder-day  widened  by 
the  constant  very  slow  percolation  of  water — a  somewhat  parallel 
phenomenon  to  the  "pipes"  in  chalk.  The  clay  at  the  sides  of 
the  channels  is  quite  yellow  from  the  deposit  of  ochre  washed  out  of 
the  sand  above.  The  gravel  and  stones  are  the  undissolved  portions 
of  the  Boulder-clay. 

V. — Tracks  of  a  Gbkat  Post-Glaoial  Flood. 

II.  Evidence  of  the  Loams  and  Brigk-eabths. 

By  H.  H.  HowoRTH,  F.S.A. 
{Continued  from  p.  231.) 

IF  we  now  turn  further  east  to  Belgium  and  its  borders,  we 
shall  find  tbe  same  conclusion  arrived  at  by  inquirers.  In  the 
admirable  memoir  of  M.  d'Acy,  already  named,  entitled  "  Limon  des 
Plateaux  du  Nord  de  la  France,"  the  author  has  examined  in  great 
detail  and  with  care  tbe  composition  of  the  loamy  mantle  that 
overspreads  tbe  other  surface  deposits  of  Belgium  and  Picardy. 
His  sections  and  descriptions  show  very  clearly  how  its  texture, 
passing  from  coarse  materials  in  its  bottom  layers  and  gradually 
getting  finer  and  more  pulverulent  in  its  upper  ones,  is  such  as 
we  should  expect  from  the  effect  of  gravitation  acting  upon  great 
masses  of  mud,  etc.,  borne  along  by  a  rapid  flood.  And  where 
the  limon  unites  with  tbe  subjacent  beds  in  situ,  we  see  how  the 
surface  of  the  latter  has  been  ploughed  and  eaten  into  in  a  most 
remarkable  way,  tbe  Jimon  filling  up  the  hollows  and  holes  torn  in 
its  surface  as  we  should  exactly  expect.  I  will  now  quote  a  sentence 
or  two  from  this  work.     He  speaks  of  this  Post-Glacial  deposit, 

»  This  formation  I  ha?e  called  "  Washed  drift  8and.'»  See  **  Post-Ghicial  Geology 
of  the  Mersey  Estuary,*'  Geol.  Mao.  1872,  p.  113. 
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t  occurs  in  Picardy,  thus :  ''  The  stratification  presented  by  this 
Q,  as  well  when  it  covers  the  plain  as  when  it  is  superimposed 
the  diluvium  gris  of  the  valleys,  leaves  no  doubt  that  it  was 
aed  by  running  water,  which  could  be  none  other,  as  M.  Belgrand 

proved,  than  that  of  an  immense  inundation"  {op.  dt.  p.  28). 
sing  into  Belgium,  he  describes  its  character  in  detail.  He 
les  strongly  against  the  fluviatile  origin  of  the  deposit,  and  adds : 
le  limons  which  are  found  on  these  heights  could  therefore  owe 
r  origin  to  nothing  hut  an  immense  inundation  or  diluvian  oata- 
m"(td.  p.  30). 

[e  urges,  as  is  the  case  in  the  Diluvium  of  France,  that  the  shells 
id  on  the  highest  points  of  the  water-shed  separating  the  basin  of 
Baine  from  the  neighbouring  basins,  consist  entirely  of  terrestrial 
Is.  **  If  these  deposits  had  been  fluviatile,  we  should  have  had 
e  river  shells  in  them,  and  the  circumstance  that  we  have  here 
'  terrestrial  shells  may  best  be  explained  by  a  cataclysm  which 
)red  the  whole  country  and  buried  these  shells  in  the  limon  con- 
ing them  "  (id.  30). 

he  conditions  are  in  fact  the  same  as  those  I  have  urged  in  regard 
le  loess  and  the  diluvium  rouge  of  the  French  writers.  All  these 
wie  deposits  seem  to  be  subaerial,  to  represent  the  old  land  surface 
he  period  of  the  Mammoth,  disturbed,  re-arranged,  and  washed 

a  mantle  over  hill  and  dale  by  a  general  inundation  of  water, 
ere  we  find  the  Diluvium  separated  into  two  layers,  the  lower 
,  as  we  have  urged,  seems  clearly  to  represent  the  undisturbed 
I  surface,  while  the  upper  one  shows  evidence  eveiywhere  of 
violent  action  of  water. 

peaking  of  the  date  of  the  cataclysm.  M.  d'Acy  says,  "It  was 
t-Pliocene,  posterior  to  the  appearance  of  man  in  our  country,  and 
east  in  its  later  phases  posterior  to  the  definite  scooping  out  of 
valleys,  for  *  the  limon '  which  owes  its  origin  to  it  descends 
1  the  plateaux  to  the  very  troughs  of  the  valleys  and  covers  there 
pockets  and  layers  of  diluvium  gris  in  which  the  bones  of  the 
it  Quaternary  mammals  and  incontestable  proofs  of  man's  exis- 
e  have  occurred  "  (id,  34).  Again,  speaking  of  the  "  limon  of  the 
eaux ''  in  the  basin  of  the  Haine  at  Spiennes  and  at  Mesvin,  he 
),  "  It  has  been  deposited  as  we  see  it  by  diluvian  waters  posterior 
be  appearance  of  man,  and  the  last  phase  of  the  movement  to 
oh  the  formation  of  the  limon  properly  belongs  took  place 
r  the  valleys  had  received  their  present  shape'*  (id.  p.  36). 
iking  of  the  limon  at  Mezieres  at  an  elevation  of  99  metres 
ire  the  sea-level,  he  tells  us  there  have  been  found  there  in  the 
e  deposit  specimens  of  Succinea  arenaria  and  Pupa  muscorum, 
Uiscs  which  do  not  live  under  the  same  conditions,  and  conse- 
atly  the  fact  of  their  being  found  together  in  the  same  stratum 
d  only  have  resulted  from  the  movement  (i.e.  the  diluvial  move- 
it)  which  deposited  the  limon  itself  (id,  p.  50). 
[.  d'Acy  finally  sums  up  the  result  of  his  elaborate  and  detailed 
nination  of  the  problem  in  this  conclusion,  **  The  limon  of  the 
eaux  of  the  North  of  France  and  of  Belgium  was  deposited  by 
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the  great  diluvial  cataclysm  which  gave  its  present  configuration  to 
the  country,  and  of  which  M.  Belgrand  has  proved  the  existenoe** 
{id.  71). 

Before  we  cross  the  Channel  into  England,  it  will  not  be  inoppor- 
tune to  glance  for  a  moment  at  the  loamy  deposits  of  South  Russia, 
which,  as  we  have  seen,  correspond  to  the  Diluvium  of  the  French 
writers.  These  deposits,  which  are  found  especially  about  the  Sea  of 
Azof  and  the  Black  Sea,  are  thus  referred  to  by  Murchison. 

"  In  all  the  Central  and  Southern  parts  of  European  Bussia,*'  he 
says,  ''  it  is  evident  that  such  alluvium  (t.e.  deposit  in  South  Bussia 
containing  Mammoths'  remains)  has  been  the  result  of  currents  of 
water,  for  it  is  piled  up,  and  often  tumultuously,  in  great  thicknesses, 
and  constitutes  the  chief  banks  of  most  of  the  streams,  as  well  as 
the  covering  of  numerous  plateaux  "  {op.  dt.  p.  501). 

Speaking  of  the  deposits  about  Tagaurog,  on  the  Sea  of  Azof, 
Murchison  says  this  Mammoth  drift  is  just  as  completely  separated 
from  any  deposit  resulting  from  existing  agency,  as  the  auriferous 
detritus  and  coarse  clays  on  the  sides  of  the  Ural  hills,  or  as  the 
high  mud-banks  forming  the  cliffs  of  the  great  Siberian  rivers  and 
estuaries,  for  it  covers  the  whole  of  the  coast  plateau,  the  present 
adjacent  river  Erinka  and  the  Sea  of  Azof  being  100  feet  beneath 
it.  In  trtUhy  like  similar  drift  over  wide  fpaee$  of  Central  and 
Southern  Russia,  it  is  distributed  at  various  levels^  and  most  dearlj/ 
indicates  considerable  submergence  at  the  period  when  these  animals 
were  destroyed  {id.  p.  502). 

The  problem  on  this  side  of  the  Channel  is  exactly  parallel.  We 
have  in  the  Brick- earths  of  South  Britain  a  repetition  of  what  has 
been  stated  in  regard  to  the  Limon  of  Belgium.  In  some  cases,  as 
in  the  Thames  Valley,  it  lies  in  siiUy  and  largely  undisturbed, 
answering  to  the  diluvium  gris  of  the  French  writers,  with  the 
same  contents  and  the  same  general  features.  Elsewhere,  as  over 
large  districts  in  Kent  and  Sussex,  it  is  spread  as  a  finely  sifted 
mantle  over  the  high  ground,  answering  completely  to  the  Limon 
des  plateaux  of  the  Belgians.  Let  us  first  consider  the  Brick-earths 
found  in  the  valleys  such  as  that  of  the  Thames.  In  r^ard  to  their 
contents,  there  is  really  no  sensible  difference  between  these  deposits 
and  that  of  the  diluvium  gris.  In  both  cases  the  skeletons  of  mammals 
have  been  found  entire,  and  the  following  graphic  description  by 
Mr.  Boyd  Dawkins  of  what  was  discovered  at  Ilford  reads  in  effect 
like  the  similar  descriptions  at  Cannstadt,  eta  Speaking  of  the 
Uphall  pit  he  says :  ''  At  the  top  there  was  the  surface  soil  from 
one  to  three  feet  deep,  then  an  irregularly  stratified  layer  of  brick- 
earth  and  gravel  six  feet^  and  lastly  an  irregular  layer  of  flint 
gravel,  underneath  which  was  a  fine  reddish-grey  sandy  loam,  four 
feet  thick.  All  these  had  been  cleared  away,  leaving  a  platform 
exposed,  on  which  was  a  most  remarkable  accumulation  of  bones 
carefully  left  in  situ  by  the  workmen.  On  the  right  hand  was  a 
huge  tusk  of  a  Mammoth  eight  feet  long,  with  the  spiral  curvature 
undisturbed  by  the  pressure  of  the  superadjacent  strata.  Across  it 
lay  a  remarkably  fine  antler  of  Bed  Deer.     At  a  little  distance  was 
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the  frontal  portion  of  the  skull  of  an  TJrus,  with  its  hom-oores 
perfect  to  the  very  tips,  while  around  hones  of  various  animals  were 
scattered  of  Horse,  Rhinoceros,  Mammoth,  Urus,  either  hrown  or 
grizzly  Bear  and  Wolf"  (Popular  Science  Review,  vol.  vii. 
p.  277). 

Not  only  do  the  debris  of  the  animals  found  in  these  deposits  show 
that  they  perished  here  in  hecatorohs,  as  in  Siberia,  in  Germany, 
and  in  France,  bat  the  correlated  beds  furnish  proof  of  another 
kiud  of  the  violent  character  of  the  catastrophe  by  which  the  great 
mammalia  were  exterminated.  Although  not  strictly  within  the  area 
to  which  this  paper  is  devoted,  I  would  quote  as  a  remarkable  case 
the  discovery  of  the  Hippopotamus  remains  made  in  1 852  by  Mr. 
Denny,  near  Leeds.  Oreat  portions  of  the  skeletons  of  two  or  three 
large  specimens  of  Eippopotamus  major  were  there  discovered  at  a 
height  of  150  feet  above  the  sea,  and  20  feet  above  the  banks  of  the 
Aire.  The  bones,  says  Mr.  Denny,  were  discovered  in  a  dark-blue 
sedimentaiy  clay,  almost  approaching  mud,  and  appear  from  their 
condition  to  have  lived  and  died  in  the  immediate  vicinity.  They 
were  found  drifted  together  with  fragments  of  trees.  The  skeletons 
seem  to  have  been  complete  when  deposited,  the  vertebral  column  of 
one  individual  extended  in  a  line  across  the  trench,  the  ribs  being  in 
n'M,  and  Mr.  Denny  considered  that  the  animal  must  have  been  lying 
on  its  side  (Denny,  quoted  by  Tyler,  Joum.  G^l.  Soc.  vol.  xxv.  p.  64). 

This  discovery  is  most  apposite.  The  Hippopotamus  is  essentially 
an  amphibious  animal,  living  most  of  its  time  in  rivers,  and  accus- 
tomed to  fluviatile  floods.  We  can  hardly  suppose  that  three  large 
specimens  of  the  race  should  have  been  overwhelmed  close  together 
and  close  by  a  Mammoth  and  a  Urus,  whose  remains  were  found  in 
adjoining  beds,  by  a  mere  flooded  river,  even  when  we  postulate  a 
pluvial  period.  They  surely  demcmd  a  much  more  overwhelming 
catastrophe. 

If  we  turn  from  the  contents  of  these  beds  to  their  internal  struc- 
ture, we  shall  find  that  while  the  lower  portions  of  them  bear  the 
character,  as  we  have  said,  of  the  diluvium  gHs,  the  upper  beds 
bear  on  the  contrary  traces  of  a  violent  agitation.  Take,  for  instance, 
the  well-known  section  at  Ilford.  Above  the  beds  containing  the 
animal  remains  which  were  so  largely  collected  by  Sir  Antonio 
Brady,  there  is,  to  use  my  friend  Mr.  Dawkins'  words,  "  a  layer  of 
clay,  brick-earth,  and  gravel  (No.  5,  in  his  section),  irregular  and 
twisted,  and  folded  in  a  remarkable  way,  somewhat  after  the  manner 
of  the  contorted  drift  on  the  Norfolk  coast.  It  contains,"  he  says, 
"  pebbles  of  quartz,  Lydian  stone,  sandstone,  angular  and  waterwom 
flints,  and  fragments  of  grey  wethers,  one  of  which  weighed  26 
pounds.  Some  of  the  pebbles  are  imbedded  with  their  long  axes 
vertically,  and  therefore  could  not  have  been  deposited  by  water." 
This  stratum  has  been  designated  Loess  by  Mr.  Prestwich,  and  it 
affords  a  good  proof  of  the  horizon  on  which  these  beds  really  exist. 
It  agrees  with  the  Loess,  and  also  with  the  well-known  beds  in  the 
Somme  Valley,  in  various  characters,  and  especially  in  the  presence  of 
these  very  stones  with  their  long  axes  arranged  vertically. 
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Mr.  Dawkins  in  regard  to  the  English  beds,  and  Sir  Charles  Lyell 
in  regard  to  the  French,  argue  that  this  stratam  bears  anmistakable 
signs  of  having  been  accamulated  by  the  action  of  ice,  which  has 
caught  up  the  various  materials  of  which  it  is  formed,  and  deposited 
them  on  melting  with  the  utmost  irregularity,  and  they  conclude 
that  the  climate  was  in  consequence  more  severe  than  when  the 
Mammalian  remains  were  deposited  (Lyell*s  Antiquity  of  Man, 
Dawkins'  Early  Man  in  Britain,  p.  139).  I  am  very  suspicious 
indeed,  as  many  other  students  are,  of  these  alternating  periods  of 
extreme  cold  following  one  another  at  intervals,  whidi  are  so 
^equently  postulated  by  writers  on  Post-glacial  times;  and  am 
equally  suspicious  of  the  constant  appeal  to  the  action  of  ice,  which 
has  become  the  dens  ex  machina  of  current  geology.  In  the  case 
before  us  the  appeal  is  assuredly  not  warranted.  We  most  remem« 
ber  that  the  occurrence  of  these  vertical  stones  is  not  an  isolated  fact 
at  Ilford,  but  is  a  feature  of  the  Diluvium  of  the  Somme  Valley  and 
of  the  Continental  Loess,  where  the  evidence  of  ioe  is  assuredly  very 
problematical.  How  could  ice  deposit  layers  of  stones  in  this 
vertical  way  ?  If  it  was  ground  ioe,  it  would  rub  them  down  and 
break  them  if  they  were  not  on  their  sides ;  while  we  cannot  conceive 
floating  ice — which,  if  it  carries  stones  at  aU,  carries  the  rolled  stones, 
which  it  has  ground  into  kidneys  and  boulders  when  still  attached 
to  its  parent  icefield — carrying  and  depositing  in  regular  layers  stones 
in  vertical  fashion  in  this  way.  Surely,  as  in  Oermany,  the  proba- 
bility is  that  these  unweathered  stones  have  largely  arisen  tn  eiiu 
from  the  filtration  of  water  charged  with  carbonate  of  lime  which 
would  naturally  deposit  concretions  exactly  in  this  way,  the  long 
axes  being  in  the  direction  of  the  flow  of  filtering  water.  At  all 
events  there  does  not  seem  to  be  any  really  just  ground  for  attribut- 
ing the  position  of  such  stones  to  ice  action.  Putting  ioe  aside,  we 
are  bound  to  conclude  that  the  remarkably  irregular,  twisted  and 
folded  stratum  which  tops  the  brick-earth  deposits  at  Ilford,  and 
which  is  the  last  stage  of  that  deposit,  was  due  to  nothing  else  than 
a  violent  flood  of  water,  which  '*  has  caught  up  the  various  materials 
of  which  it  is  formed,  and  deposited  them  with  the  greatest  irregu- 
larity." We  have,  in  fact,  a  valuable  piece  of  evidence  going  to 
support  and  strengthen  the  mass  of  facts  forthcoming  from  the  con- 
temporary continental  deposits,  all  pointing  the  same  way.  In  fact, 
we  could  hardly  have  a  stronger  and  more  convinciug  proof  of  our 
contention  that  the  period  of  the  Mammoth  was  terminated  by  a 
great  diluvial  moveinent«  Such  a  movement  seems  alone  competent  to 
account  for  a  well-known,  often  quoted,  and  most  interesting  section  in 
the  Thames  Yalley,  showing  the  transport,  in  one  lump,  of  a  great  mass 
of  Thanet  Sands  38  feet  in  lenp^th  and  7  feet  10  inches  wide,  having 
attached  to  it  a  portion  of  the  Woolwich  Pebble  Bed,  and  a  piece  of 
the  Woolwich  Shell  Bed  12  feet  long  and  6  feet  6  inches  wide.  The 
whole  having  been  bodily  removed  and  enveloped  in  purple  clay. 
The  section  is  well  shown  in  the  interesting  paper  by  Mr.  Skertchly 
(Joum.  Geol.  Soc.  vol.  xxv.  p.  88).  Mr.  Tylor  says  of  this  case, 
**  The  difficulty  is,  to  understand  what  kind  of  wash  of  water  removed 
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this  inooherent  man  of  Thanet  Sands,  and  deposited  it  again  (witb- 
ont  breaking  it  up  into  sand)  85  feet  lower  down  upon  a  mass  of  the 
Woolwioh  beds,  whiob  mnst  have  descended  46  feet  and  changed  places 
with  the  Thanet  Sands  "  (id.  p.  89).  Sarely  the  difficulty  disappears 
in  the  presence  of  the  explanation  which  we  offer.  This  explanation 
explains  oompletely  the  existence  of  these  large  masses  of  trans- 
ported strata  and  of  the  great  boulders  of  which  Mr.  Tylor,  in  fact, 
in  another  place  says,  <'  The9e  tnateriaU  were  evidently  washed  in  by 
\9avy  floods^  not  confined  to  the  vaUeys,  hut  passing  over  the  whole 
nw/ace  of  ihe  {oimI,  tearing  up  the  ground  and  carrying  it  to  lower 
levels  into  the  valleys*'  {id,  pp.  60,  61). 

If  we  turn  from  the  deposits  contained  in  the  Thames  Valley  to 
the  layer  of  brick-earth  which  covers  upland  and  dale  in  the  South 
of  England,  washed  over  the  surface  of  the  land  evenly,  we  shall 
find  it  supporting  the  same  apparently  inevitable  conclusion.  It 
will  be  well  first  to  show  that  this  upland  brick-earth  corresponds 
to  the  limon  of  Belgium.  In  the  first  place  it  is  found  on  the  high- 
lands. Thus  it  is  found  at  Folkestone  at  150  feet  above  the  sea  near 
the  station,  and  in  the  words  of  Murohison,  "  it  rises  up  upon  the 
slopes  of  the  adjacent  chalk  hills  and  yon  are  insensibly  conducted 
from  the  debris  in  the  'combe*  or  hollow  to  the  wider  but  more 
thinly  spread  mass  of  similar  matter  on  the  slopes  and  summits  of 
the  hills."  This  mantle  of  brick-earth  covers  the  drift  gravels 
which  occupy  so  much  of  the  district,  and  has  protected  the  bones, 
etc.,  they  contain,  from  being  destroyed.  It  is  found,  therefore, 
exactly  as  the  upper  limon  of  the  French  writers  in  some  places  in 
thick  beds  of  clay,  and  in  others  thinning  out  and  evidently  resulting 
from  the  same  effects  of  a  wave  of  translation  which  has  buried  the 
Mammoth  and  his  companions  in  so  many  other  places.  Speaking  of 
Kent,  Murchison  says,  "  Fossil  bones  of  Mammoth,  Rhinoceros, 
Hippopotamus,  Stag,  Horse,  etc.,  have  been  found,  as  I  was  informed 
by  Mr.  Bensted,  in  the  excavation  of  brick-earth  and  flint  drift  on 
the  slopes  above  the  jail  at  Maidstone,  which  I  had  examined,  and 
not  less  than  80  feet  above  the  river.  Dr.  Plomley,  indeed,  gave 
me  specimens  of  the  teeth  of  Rhinoceros  tichorhinus  which  had  been 
found  there.  Fresh-water  and  land  shells  also  occurred  in  some  of 
the  overlying  loam,  and  the  whole  case  is  therefore  precisely  in  accord^ 
ance  with  that  of  other  places  cited.  No  one  can  separate  this  drift 
of  the  summits  of  Pennenden  and  Banning  Heaths  from  the  bone 
drift  of  Maidstone  "  (Joum.  Geol.  Sec.  vol.  vii.  p.  382,  note).  Again, 
the  chief  localities  where  fossil  mammalia  occur  in  this  part  of  Kent 
have,  indeed,  been  clearly  described  by  Prof.  Morris  (Loudon's  Mag. 
Nat  Hist.  vol.  ix.  p.  593,  1836) ;  and  this  good  naturalist  informs 
us  that  the  species  of  shells  (Helix  hispida.  Pupa  marginaia  and 
Succinea  ohlonga),  found  usually  in  the  upper  (loamy)  portion  of  toe 
detritus,  belong  to  land  testacea  and  to  such  as  ''  inhabit  the  banks 
of  rivers  and  marshy  places,  no  decidedly  fresh-water  shell  having 
yet  been  detected,"  while  the  large  fossil  bones  lie  in  the  lower  mass 
and  under  the  clay  (id.  p.  383).  This  is  precisely  as  in  Belgium 
and  in  France,  and  the  same  explanation  of  it  is  given  by  Murchison 
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as  that  given  by  M.  d'Aoy  and  other  continental  inquirers.  He  also 
postalates  as  necessary  to  account  for  its  distribution  a  great  flood  of 
waters.  His  words  are,  **  It  may  also  be  well  imagined  how,  in  this 
pounding  back  of  the  waters,  the  coarser  and  heavier  materials 
would  be  collocated,  just  as  we  now  find  them,  and  how  the  stiff 
loam  resulting  from  the  final  settlement  of  the  smaller  particles  of 
matter  in  the  turbid  water  would  naturally  form  the  covering  of  the 
stony  debris.  .  .  .  The  abundance  of  bones  in  such  hollows  can  be 
only,  I  imagine,  satisfactorily  explained  by  supposing  that  the 
animals  were  drifted  into  these  depressions  and  entombed  beneath 
the  masses  of  detritus  *'  {id.  p.  378).  Mr.  Mackie,  in  his  account  of 
the  well-known  deposit  at  Folkestone,  tells  us  how  the  "  lower  portion 
of  it  contains  a  considerable  number  of  the  remains  of  Elephant, 
Ox,  Stag,  Hyaena,  Hippopotamus,  Irish  Deer,  eta,  and  in  the  marly 
portion  (i.e.  the  upper  layer)  numerous  specimens  of  two  or  three 
species  of  Helix.  No  flu  viatile  molluscs  have  as  yet  been  found.  The 
bones  and  shells  are  found  both  in  the  gravel  and  in  the  calcareous 
marl  above  it"  Mr.  Mackie  also  says,  "  The  whole  of  the  bone  bed 
appears  to  have  been  subject  to  the  action  of  water,  as  the  flints  and 
grit  boulders,  although  angular,  are  partially  worn  (t.e.  like  the 
diluvium  rouge  of  the  French  writers),  and  the  chalk  nodules  and 
softer  pebbles  are  completely  rounded.  The  stratification  also  of  the 
marl  sand  and  boulders  follows  the  irregularities  of  the  Lower 
Qreensand  on  which  it  rests  "  (id.  p.  260). 

Wherever  we  turn,  it  seems  that  the  loamy  deposits  of  Central 
Europe  bear  one  consistent  testimony  to  the  existence  of  a  vast 
translating  wave  of  waters  which  closed  the  Mammoth  period,  and 
which  I  have  designated  the  Great  Post-Glacial  Flood.  In  another 
paper  I  hope  to  deal  with  the  evidence  of  the  Valley  Terraces. 

VL — On  thk  Classification  op  the  Eubopkan  Rooks  known  as 

Permian  and  Trias. 

By    the    Rey.    A.    Ikvino,    B.Sc,    B.A.,    F.G.S. ; 

Senior  Science  Master  of  Wellington  College. 

{Continued from  p.  223.) 

ANY  geologist  who  has  spent  a  short  time  at  Eisenach,  and  has 
examined  any  of  the  numerous  road-  and  hill-side  sections  in  the 
district  about  the  celebrated  Wartburg,  must  have  been  struck,  as  I 
was  myself  several  years  ago,  with  the  enormous  development  of 
the  breooieis  and  conglomerates  interbedded  with  well-stratified  sand- 
stones and  marls ;  and  this  district  is  fairly  typical  of  the  Thiiringer- 
wald.  For  an  account  of  these  the  reader  must  be  referred  to  Siluria, 
to  the  paper  by  Murchison  and  Morris  before  mentioned,  and  to 
Credner.  The  former  writers  remark :  "  The  movements  by  which 
the  great  brecciated  masses  were  aggregated  were  clearly  suspended 
and  repeated  many  times ;  the  intervals  of  quiescence  allowing  of 
those  deposits  of  finely  triturated  red  sand  and  marl  which  alternate 
with  the  coarse  and  subangular  conglomerates.  •  .  .  These  breccias 
and  conglomerates,  with  their  associated  sandstones,  are  of  gigantic 
dimensions,  and  have  been  bored  into  in  fruitless  searches  after  coal 
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to  a  depth  of  about  2500  English  feet."  (Here  is  surely  something 
more  than  a  mere  appendage  to  the  Carboniferous.)  The  correspond- 
ing strata  whioh  lie  to  the  south  of  the  Harz  Eange  are  not  of  such 
gigantic  dimensions ;  otherwise  a  similar  description  applies  to  them. 
The  sequence  of  things  in  the  later  Paladozoic  times  has  been  so 
well  generalized  by  Credner  in  the  form  of  a  table  that  I  take  the 
liberty  here  of  transcribing  it : 


5.  Beep  Sea, 

Marine 
formations. 

Limestone. 

Marine 
animal- 
remains. 

Zeehstein ; 
Eothliegende9\ 

4.  SuheideneeTml^sst 

Shore 

Conglomerates 

the  flea. 

formations. 

and 
Sandstones. 

OD 
P 

..-. ~ General  Uneonfoi 

rtnitj/,    (<<  haujiffi 

r  DUeordanz. 

"^ 

!•••••••••••••••••••••«••«••••• 

3.  Stationary  coU' 

Freshwater  and 

Coal-bearing 

Land- 

Coal'bearing 

dition  broken  by 

marsh  forma- 

strata. 

plants. 

Eothliegendea 

iiisigiiificant  os- 

tions broken  by 

and  productive  ^ 

cillations. 

shore  and 
shallow  sea 
formations. 

Coal'tneasure* ; 

O 

2.  Elevation  BhoYe 

Shore  forma- 

Conglomerates 

Sandstones 

the  sea. 

tions. 

and 

without  Coal' 

Sandstones. 

seams ;    Culm ; 

s 

r^ 

1.  Deep  Sea. 

Marine 

Limestone. 

Marine 

Carboniferous 

< 

formations. 

animal - 
remains. 

limestone ; 

Q 

The  only  point  which  seems  open  to  question  here  is  the  use  of 
making  a  break  between  the  lower  coal-bearing  Hothliegende  and 
the  Coal-measures  proper,  especially  as  the  discordancy  of  the  strata 
is  more  generally  above  than  below  them.  Of  course  the  German 
geologists  must  have  good  reasons  for  this,  and  are  no  doubt  con- 
vinced that  upon  the  whole  it  is  required  by  the  general  facies  of 
the  plant-remains  which  characterize  these  lower  Hothliegende.  On 
the  other  hand,  it  would  appear  that  such  reasons  ought  to  be  very 
strong  indeed,  when  simplicity  would  suggest  the  grouping  of  them 
with  the  Coal-measures. 

In  the  South  Staffordshire  area  we  come  across  a  series  of  sand- 
stones and  conglomerates,  especially  about  the  Licky  and  Clent 
Hills,  in  which  the  counterpart  of  the  German  Hothliegende  seems 
to  be  met  with.  The  best  description  of  these  is  perhaps  to  be 
found  in  the  Survey  Memoir  of  the  district,  before  referred  to,  by 
Mr.  Jukes.  That  author  estimated  the  thickness  of  the  series  at 
about  1,500  feet.  The  included  fragments,  many  of  which  are  a 
foot  and  a  foot  and  a  half  in  diameter,  are  derived  in  about  equal 
proportions  from  "  trappean "  and  other  rocks,  many  of  the  latter 
being  of  Silurian  age.  They  are  unconformable  to  the  older  rocks 
upon  which  they  lie,  inclusive  of  the  Coal-measures.  Mr.  Jukes's 
description  gives  us  a  picture  of  a  series  of  deposits  filling  up  the 
creeks  and  bays  of  an  older  Palaeozoic  region,  and  occupying  a 
position  in  relation  to  it  similar  to  that  which  is  occupied  by  the 
Hothliegende  of  Germany  in  relation  to  the  older  rocks. 
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In  the  Warwickshire  area  the  case  seems  to  be  more  doubtful. 
Here  the  strata  called  Permian  are  generally  conformable  to  the  Coal- 
measures,  and  present  great  uniformity  of  character  throughout. 
Their  resemblance  to  the  sandstone  and  marl  series  which  underliee 
the  Permian  breccias  of  South  Staffordshire  is  pointed  out  by  Mr. 
Howell  {he,  suprd  ciL)  as  having  been  first  observed  by  Sir  Andrew 
Bamsay,  and  as  having  led  him  to  suggest  the  removal  of  them  from 
their  previous  classification  with  the  Triassic  strata,  with  which  they 
are  unconformable.  The  palsBontological  evidence  which  they  afford 
is  very  meagre,  and  of  itself  scarcely  sufficient  to  justify  their  separa- 
tion from  the  Carboniferous  series.  The  included  fragments  of  the 
specimens  of  the  conglomerates  of  the  series  which  I  have  seen  are 
nearly  all  well-rounded  water- worn  pebbles,  or  broken  pebbles,  and 
a  very  high  per-centage  of  them,  the  great  majority  in  fact,  consist 
of  Carboniferous  Limestone ;  their  formation  must  therefore  have 
taken  place  at  some  time  subsequent  to  the  induration  and  exposure 
to  degrading  influences  of  the  strata  of  that  formation.  The  areas  of 
their  deposition  were  evidently  more  exposed  to  the  surf-action  of  a 
tidal  sea  than  were  those  in  which  the  Permian  breccias  further  to 
the  west  were  formed.  On  the  assumption  that  the  so-called  War- 
wickshire Permian  8  are  stained  Upper  Coal-measures,  it  remains  yet, 
I  think,  to  be  shown  why  they  are  so  much  more  marly  than  the 
strata  of  that  formation,  and  why  the  change  in  the  colour  of  the 
soil  and  in  the  general  character  of  the  country  should  be  so  marked 
as  it  is  in  passing  from  one  set  of  strata  to  the  other.  The  question 
of  "  staining  "  by  percolating  waters  is  not  so  simple  as  it  is  thought, 
by  some  writers  who  speak  of  "stained  Carboniferous"  strata.  The 
action  of  free  atmospheric  oxygen  held  in  physical  solution  by  rain- 
water in  converting  lower  oxides  of  iron  into  the  red  peroxide  can 
be  understood  readily ;  but  how  water  can  carry  down  this  insoluble 
peroxide  (as  seems  to  be  assumed  in  some  quarters),  so  as  to  furnish 
a  red  cementing  material  for  strata  below,  is  not  so  clearly  made  out 
We  ought  therefore  to  be  cautious  in  accounting  in  this  way  for  the 
great  difference  observable  in  the  prevailing  colour  of  two  contiguous 
series  of  strata,  when  both  have  been  exposed  for  an  immense  time 
to  the  action  of  atmospheric  oxygen.  Of  course  the  reducing  action 
of  carbonaceous  matter  present  in  the  one  series  may  prevent  the 
extreme  stage  of  oxidation  which  takes  place  in  the  other,  in  which 
carbonaceous  matter  is  wanting ;  but  to  admit  this  would  be  to  go 
far  to  surrender  the  point  at  issue.  The  same  may  be  said,  if  it  be 
urged  that  one  series  is  more  pervious  to  water  than  the  other.  On 
chemical  grounds,  I  am  strongly  inclined  to  believe  that  the  colora- 
tion of  the  two  great  Red  Series  was  (for  the  most  part)  contempora- 
neous with  their  deposition,  and  furnishes  strong  evidence  of  the 
"continental"  conditions  under  which  that  took  place.  For  these 
reasons  I  think  the  case  of  the  Warwickshire  Permians  still  an  open 
question. 

On  the  Relation  of  the  Bunter  to  the  Keuper, 

It  is  well  worthy  of  note  that,  as  the  investigation  of  the  Trias 
of  England  proceeds,  the  break  between  the  Bunter  and  the  Eeuper 
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formations  beoomefl  more  pronounced :  it  may  in  fact  be  said  now  to 
be  at  least  as  great  as  that  which  exists  between  the  Bunter  and 
the  Permian,  in  the  most  important  (the  north-eastern)  area.  In 
Cheshire  and  in  Shropshire,  the  massive  series  of  sandstones  so  much 
worked  for  building-stone,  forms  the  base  of  the  Keuper,  but  on  the 
east  side  of  the  Pennine  axis  these  lower  members  of  the  formation 
are  only  feebly  represented.  A  definite  *'  basement-bed  "  has,  how- 
ever, been  traced  of  late  for  the  Eeuper,  over  a  good  portion  of 
Notts  and  Derbyshire,  through  the  labours  of  Messrs.  E.  Wilson  and 
Shipman,  whose  papers  appeared  a  short  time  ago  in  this  Maoazins, 
and  in  the  Midland  Naturalist,  The  calcareous  breccia  (which  is  in 
plaoes  dolomitic)  has  been  found,  through  the  extension  of  build- 
ing and  engineering  works,  to  be  more  generally  distributed,  than 
was  supposed  a  few  years  ago ;  it  has  been  found,  in  fact,  capping 
Bramoote  Hill  and  the  remarkable  rock  known  as  the  Himlack 
Stone,  but  a  few  miles  west  of  Nottingham.  The  hard  red  con- 
glomerate, the  existence  of  which,  on  the  east  of  Nottingham,  was 
indicated  by  the  writer  some  years  ago,^  has  been  traced  over  a  pretty 
wide  arecu  These  results  have  been  accepted  by  Mr.  Aveline.'  In  its 
oaloareons,  and  occasionally  dolomitic  ch6U!tu}ter,  this  basement  bed 
agrees  with  the  lower  members  of  the  Keuper  of  Germany,  where  it 
is  closely  related  to  the  Muschelkalk,  and  where  distinct  calcareous 
and  dolomitic  bands  are  of  common  occurrence.' 

At  this  point  it  may  be  of  service  to  remind  geologists  of  one  or 
two  interesting  facts  about  the  Muschelkalk  of  Germany,  so  that 
the  importance  of  the  break  between  the  Bunter  and  Eeuper  in 
the  northern  counties  of  England  may  be  fully  recognized,  and  the 
confusion  of  ideas  favoured  by  the  introduction  of  the  name  TWas, 
which  has  led  to  the  hope  of  finding  the  Muschelkalk  formation 
represented  in  England,  may  be  eliminated  from  the  subject.  If 
such  a  hope  is  still  entertained  in  some  quarters,  it  is  worth  while 
to  consider — 1.  The  discontinuity  of  Upper  Bunter  over  the  con- 
glomeratic or  middle  series  of  that  formation,  and  the  frequent 
evidences  of  local  erosion  and  of  unconformability,  all  pointing  to 
the  elevation  of  a  considerable  portion  of  the  English  New  Ked  area 
in  the  immediate  Pre-Reuperian  age.  2.  That  the  Muschelkalk 
itself  undergoes  a  marked  change  as  it  is  followed  in  the  direction  of 
the  British  area.  This  great  formation,  in  parts  of  Germany  where 
it  is  fully  developed  {e.g,  to  the  south  of  the  Harz,  in  Thtiringia,  in 
Hesse,  in  North  Bavaria,  in  Wiirtemberg,  and  in  Baden),  is  made 
up  of  the  following  well-marked  members : — 

Upper  Muschelkalk  ('  Hauptmuschelkalk '),      . .     thickness  50—150  metres. 
Middle  „  (*  Anhydrite  Group'),         ..  „      30—100 

Lower  „  {*  Wellenkalk ')  ..  „      60—120       „ 

It  assumes  however  to  the  west  of  the  Rhine  (in  the  Lorraine 

*  Vide  Proceeding  of  the  Geologists*  Association,  vol.  iv. 

'  Vide  Mr.  Aveline's  Memoir  previously  referred  to ;   also  the  Geol.  Mao.  for 
1881  (pp.  396,  523),  and  the  vols,  for  1880  (p.  308),  and  for  1879  (p.  352). 
s  Grodner,  El.  d.  Qeol.  (p.  510),  and  the  Table  on  pp.  512,  513. 
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hill-country,  about  the  northern  half  of  the  Yoeges,  between  Luxem« 
burg  and  Treves,  and  in  parts  of  the  Eifel)  a  very  different  character, 
sandstones  and  marls  (containing  Muschelkalk  fossils)  replacing  in 
some  places  {e.g,  about  Saarbriick)  the  limestone,  while  the  whole 
formation  becomes  greatly  attenuated,  until  at  last  {eg.  on  the 
Attert)  the  thickness  of  the  Muschelkalk  has  dwindled  to  four  feet 
and  even  to  a  foot  '*  This  extraordinarily  feeble  development  of  the 
Muschelkalk  prepares  us  for  the  English  facies  of  the  Trias,  where 
the  Eeuper  lies  directly  upon  the  Bunter  Sandstone."     (Credner). 

Pdlaontologicdl  Evidence, 

In  recent  discussions  on  this  subject  there  would  appear  to  be 
sometimes  a  want  of  sympathy  between  the  physical  geologist  and 
the  palaeontologist,  and  a  tendency  on  the  part  of  the  former  to 
attach  too  slight  a  value  to  the  evidence  furnished  by  the  remains  of 
the  fauna  and  flora  of  the  Permian  and  Triassic  ages.  Clonolusions 
as  to  the  true  relation  of  these  two  systems  to  one  another  must  not 
be  drawn  from  physical  evidence  alone,  as  it  is  furnished  in  particular 
and  limited  areas.  There  is  no  doubt  that  if  such  evidence  were 
admitted  as  of  primary  value,  a  great  deal  might  be  said  to  establish 
a  continuity  between  the  Permian  and  Trias,  and  to  justify  the 
grouping  of  them  both  in  one  system.  This  was  pointed  out  some 
years  ago  by  the  late  Prof.  Phillips  with  reference  to  the  Worcester- 
shire and  Warwickshire  districts,^  and  a  good  deal  has  been  written 
since  then  on  the  succession  of  the  strata  as  it  is  presented  to  us  in 
the  north-eastern  and  north- western  areas  of  England,  where,  as  we 
have  shown,  the  break  in  the  one  area  between  tiie  Permian  and  the 
Trias  is  not  nearly  so  great  as  was  at  one  time  supposed,  while  in 
the  other  area  there  is  no  physical  break  at  all,  in  one  portion  at 
least.  We  may  go  further,  and  point  to  the  succession  of  the  same 
great  group  of  strata  as  it  occurs  in  Germany.  In  that  country, 
as  pointed  out  long  ago  by  Murcbison,^  "  no  physical  dismember- 
ment has  been  observed,  which  separates  the  strata  accumulated  at 
the  close  of  the  Permian  period  from  those  formed  in  the  earliest 
period  of  the  Trias,  the  summit  of  the  one  being  everywhere  con- 
formable to  the  base  of  the  other." 

The  excellent  monograph  of  King  on  the  fauna  of  the  British 
Permians  is  too  well  known  to  need  more  than  a  passing  mention 
here.  It  may,  however,  be  useful  to  add  a  few  remarks  and 
generalizations  from  so  high  an  authority  as  Credner.' 

The  flora  of  the  DyaSj  he  points  out,  is  closely  allied  to  the  Car- 
boniferous flora,  and  represents  the  latest  remains  and  traces  of  a 
vanishing  PalsBOZoic  world,  consisting  mostly  of  marsh-  and  shore- 
forms  (mainly  confined  to  the  Rothliegende),  with  Caulerpites  repre- 
senting marine  forms.  Though  poor  in  forms  of  life,  both  flora  and 
fauna  have  a  definite  Palaeozoic  *  character,'  and  are  closely  allied  to 
those  of  Carboniferous  times.  The  Post-Carboniferous  flora  consists 
(with  the  exception  of  a  few  lower  forms)   of  Cycads,   Conifers, 


1  Geology  of  Oxford  and  the  Valley  of  the  Thames^  chap.  Tiii. 

2  Murchison  0114  Morris,  in  Q.J.G.S.,  toI.  xi.       >  £L  de  OeoL 


pp.  466,  et  uq. 
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Ferns,  and  Galamites,  and  therefore  in  by  far  the  greatest  proportion 
of  land-plants.  Among  these,  and  ranging  backwards  Uiroagh 
Carboniferoas  to  the  Middle  Devonian,  the  well-developed  genera 
Galamites  (with  the  highly  characteristio  0.  gigas,  Brong.), 
Anntdaria,  Asterophyllitea,  Sphenopieris,  Odontopteris,  are  met  with 
in  nnmerous  speoies ;  also  the  genus  Cyaiheitea  (0.  arhoreseeru)  is 
widely  spread,  and  the  Carboniferoas  cyoad-genus  Noeggerathia 
eqaally  so.  On  the  other  hand,  Lepidodendron  is  of  much  rarer 
oocarrence  than  in  the  Carboniferous  period ;  SigiUaria  and  SUgmaria 
have  almost  completely  died  out.  The  stems  of  the  Tree-ferns  of 
this  period  are  preserved  in  greater  perfection  and  beauty  through 
the  silicification  of  their  tissues,  and  on  this  account,  as  well  as  on 
account  of  their  general  prevalence,  they  are  to  be  regarded  as  very 
characteristic  of  the  Post-Carboniferous  period.  To  these  belong 
Psaranarius  and  Tubieaulis,  Qreat  significance  attaches  to  the  genus 
Walehia,  with  its  closely-packed  angular  leaves.  The  remains  of  the 
land-flora  of  the  period  are  in  the  main  confined  to  the  Bothliegende 
or  lower  member  of  the  Dyas ;  but  the  marine  group  of  strata  above 
these  furnishes  commonly  Fucoids  (e.g.  CauUrpitea),  and  along  with 
these  drifted  ferns,  and  especially  the  twigs  and  fruits  (their  forms 
preserved  as  iron-pyrites)  of  a  conifer  {Ullmannia  Bronni^  G^pp.) 
allied  to  Cupreaaua  aemperoirene.  [According  to  Sir  Charles  Lyell,^ 
about  18  or  20  species  are  known  m  the  Permian  rocks  of  England, 
and  no  less  than  60  in  those  of  Saxony.] 

If  now  we  compare  the  floras  of  the  Dyaa  and  Trias,  a  decided 
difference  is  observable.  According  to  Credner,  the  Equiseta  (E, 
arenaceum  and  E.  columnare),  which  in  the  Trias  appear  for 
the  first  time,  are  widely  distributed,  not  only  over  Europe,  but 
also  over  the  east  of  North  America.  The  genera  of  Triassic 
ferns  are  new  except  Pcecopteris  and  Taniopteris.  While  in  the 
PalsBozoic  period  vascular  cryptogams  make  up  almost  exclu- 
sively the  flora,  they  recede  far  into  the  background  in  Triassic 
times,  and  more  especially  in  Keuperian  times,  before  the  de- 
velopment of  Cycads  and  Conifers.  The  flora  of  the  Muschelkalk 
is  limited  to  a  few  questionable  Alga,  and  small  drifted  frag- 
ments of  ferns.  In  the  earlier  Triassic  period  the  older  genera  of 
ferns  are  superseded  by  Anomopteris,  Clathropteris,  Outbieria,  Sageno- 
pteris.  Among  Cycads  appear  PierophyUum,  ZamiteSn  Otozamtes, 
and  Pterozamttes,  and  among  Conifers,  Voltzia  and  Albertta, 

[Sir  Charles  Lyell  remarked  in  Student's  Elements  (p.  384)  that 
"  upon  the  whole  the  plants  of  the  Marl-slate  (the  base  of  the  Mag- 
nesian  Limestone  in  the  North  of  England)  differ  considerably  from 
those  of  the  Coal-period ;  the  plants  of  the  Bothliegende  of  Germany 
show  a  close  generic  affinity  with  Carboniferous  forms."  A  consider- 
able addition  has  recently  been  made  to  the  known  flora  of  the 
Marl-slate  series  of  this  country  by  tlie  labours  of  Mr.  E.  Wilson, 
P.G.8.,  who  has  collected  a  great  number  of  specimens  from  this 
formation,  owing  to  its  exposure  in  railway  cuttings  in  Nottingham- 

*  StudtnCt  Elements  of  Oeohgy,  p.  383. 
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shire.  Mr.  Carruthers  has  pronounoed  many  of  them  to  be  forms 
which,  though  known  on  the  Continent,  had  been  hitherto  almost 
unknown  in  this  country.'] 

{To  be  eoneluded  in  our  next  Number,) 


ITOTIOES      OIF      IMIEIMIOIIRS. 

On  the  Geology  of  the  Fjiroe  Islands.   By  James  Geikie,  LL.D., 
F.R.S.,  ETC.    [Trans.  Roy.  Soc.  Edin.  1882,  vol.  xxx.  part  1.] 

IN  this  Memoir  the  author  gives  an  account  of  observations  made 
in  company  with  Mr.  Amund  Holland  of  Christiania,  during  the 
year  1879 ;  while  at  the  same  time  he  reviews  the  work  done 
previously  by .  other  geologists  and  travellers.  The  islands  are 
essentially  volcanic;  only  two  of  them,  Myggenass  and  Suderoe, 
containing  layers  of  clay,  shale,  and  coal,  intercalated  with  the 
basalts,  which  are  the  principal  rocks.  The  coal  (probably  of 
Miocene  age)  occurs  as  more  or  less  lenticular  layers  in  beds  of  dark 
indurated  clay  and  shale.  The  seams,  therefore,  are  very  incon- 
stant, and  thicken  and  thin  out  in  the  most  irregular  manner. 
Indeed,  Dr.  Geikie  observes  that  it  is  not  difficult  to  trace  the 
passage  from  coal  into  shale — an  appearance  which,  taken  in  con- 
nexion with  the  general  aspect  of  the  beds,  is  strongly  suggestive 
of  the  aqueous  formation  of  the  coal-seams.  He  saw  no  traces  of  a 
true  underclay,  and  nothing  resembling  rootlets. 

The  volcanic  rocks  consist  of  bedded  basalts  (chiefly  anamesite) 
with  layers  of  tuff,  among  which  are  sometimes  intruded  veins  and 
sheets  of  basalt.  This  is  the  case  in  Suderoe,  where  the  coal-bearing 
beds  appear  to  have  been  lines  of  weakness,  yielding  more  readily 
to  the  assaults  of  the  intrusive  basalt  than  the  harder  and  less  easily 
divided  anamesites  with  which  they  are  associated,  for  nowhere 
else  in  the  island  do  such  intrusive  sheets  occur. 

Discussing  the  origin  of  the  volcanic  rocks,  the  author  comes  to 
the  conclusion  that  they  must  have  been  erupted  from  a  centre  or 
centres,  removed  some  distance  from  the  site  of  the  present  islands — 
a  conclusion  which  explains  the  absence  of  breccias  and  agglomerates, 
of  lapilli  and  bombs. 

The  great  series  of  basalt  beds  and  tuffs  (13,000  or  14,000  feet 
in  thickness)  most  probably  accumulated  on  the  outskirts  of  an  old 
volcanic  area.  They  represent  the  heavier  and  more  fluid  lavas, 
derived  from  foci  which  most  likely  ejected  other  materials  unable 
to  reach  distances  attained  by  basalts. 

There  seems  no  reason  to  doubt  that  these  igneous  rocks  belong  to 
the  same  great  series  of  which  the  basalt  plateaux  of  Iceland,  Green- 
land, Spitzbergen,  and  the  Scottish  Islands  form  separate  portions, 
and  which  are  referred  to  the  Miocene  period.  The  author  gives  an 
interesting  sketch  of  the  physical  conditions  under  which  the  rocks 
of  the  Fsaroe  Islands  would  seem  to  have  been  accumulated. 

The  principal  object  of  his  journey,  however,  was  to  examine  the 

^   Vide  Midland  Naturalietf  vol.  iv.  p.  122. 
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Glacial  phenomena  of  the  islands.  Beminisoenoee  of  the  "  Great  loe 
Age  "  were  met  with  on  every  island  visited.  Sometimes  the  strin 
were  finely  preserved,  at  other  times  they  were  faint,  and  only  the 
deeper  ruts  were  oonspioaous  opon  the  smoothed  faces ;  while  in  very 
many  oases  all  the  more  delicate  ioe-markings  had  disappeared,  and 
only  the  characteristic  rounded  and  dome-shaped  outlines  remained. 

The  Till  or  Boulder-clay,  not  often  so  much  as  15  feet  in  thick- 
ness, closely  resembled  the  similar  deposit  which  occurs  in  the  hilly 
and  mountainous  districts  of  Scotland.  It  lay  either  upon  low 
undulating  grounds,  or  was  closely  packed  together  behind  rocks, 
whose  abraded  and  ice-worn  faces  were  quite  destitute  of  any  such 
covering.  All  the  stones  and  boulders  in  the  Till  were  of  local 
origin,  and  in  the  many  exposures  which  were  examined,  no  fragment 
which  might  not  have  been  derived  from  the  islands  themselves  was 
found.  All  consisted  of  basalt  rocks  and  tuiOf,  and  chiefly  of  the 
former.  This  Till,  in  the  author's  opinion,  represents  the  ground- 
moraine  of  the  old  ice-sheet  that  covered  the  islands. 

All  the  little  lakes,  with  one  or  two  exceptions,  were  found  to 
occupy  true  rock-basins,  excavated  by  ice-action  under  varying 
conditions. 

To  many  interesting  matters  we  must  but  briefly  allude  under  the 
headings  of  the  "  Origin  of  the  Valleys  and  Fiords,"  "  Atmospherio 
Erosion,"  **  Former  Greater  Bainfall,"  "  Marine  Erosion,"  and  lastly 
"  Peat  and  Buried  Trees  " — all  of  which,  besides  other  subjects,  are 
treated  more  or  less  fully,  according  to  the  information  he  could 
gather,  and  always  in  the  lucid  and  graphic  style  so  characteristic  of 
the  author. 

The  memoir  is  illustrated  by  a  map  and  three  plates  of  sections. 


I^  E  V  I  E  "VT*  S- 
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MoNOaRAPHIB     PaL^ONTOLOOIQUB     DBS     COUGHBS     DB     LA     ZONB     A 

Ammonites   tenuilobaTus   d'Obbrbuchsittbn   bt   db  Wanqbn 
(Soleurb).    Mem.  de  la  Soc.  Pal.  Suisse,  vol.  vii.  1881. 

THE  indefatigable  M.  de  Loriol  has  recently  completed  the  above 
monograph,  though  it  is  not  quite  four  years  since  there 
appeared  a  notice  in  the  Geol.  Mao.  (Aug.  1878,  p.  354)  of  a  similar 
monograph  by  the  same  author  of  these  very  '•  Badener  Schichten  " 
as  they  occur  in  the  adjoining  Canton  of  Argovie. 

At  the  risk  of  being  charged  with  forcing  an  open  door,  M.  de 
Loriol  is  not  satisfied  with  a  simple  comparison  of  the  zone  in  the 
two  localities,  such  as  mere  statements  or  lists  of  fossils  might  con- 
vey ;  but  he  devotes  a  full  palasontographioal  memoir  to  the  subject, 
embracing  about  87  species,  many  of  which  were  amply  figured  and 
described  in  the  previous  monograph. 

Fourteen  fine  quarto  plates  of  fossils  with  text  are  given  in  the 
best  style  of  the  Swiss  Palasontograpbical  Society  for  the  benefit 
of  those  who  are  not  satisfied  by  a  simple  examination  of  the  table 
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that  there  exists  in  Soleare  a  bed  (No.  8  of  the  section),  in  which 
are  found  together  species  belonging  to  the  zone  of  Am.  tenuilobatnM, 
and  many  others  belonging  to  the  '^Astartien"  proper;  and  that 
consequently  the  zone  of  Am.  tenuilobatuB  is  a  facies  of  the  "  Astar- 
tien  "  or  upper  "  Sequanien."  W.  H.  H. 


GE0L06ICA.L   SOCIETT  OF  LoKDOlT. 

L— March  22,  1882.— J.  W.  Hulke,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read : — 

1,  "On  a  Fossil  Species  of  CamptoceraSf  a  Freshwater  Mollusc, 
from  the  Eocene  of  Sheerness/'  By  Lieut-Colonel  H.  H.  GKnlwin- 
Austen,  F.R.S.,  F.G.S. 

In  this  paper  the  author  described  a  new  species  of  fossil  mollusc 
from  the  upper  part  of  the  London  Clay,  near  Sheemess,  where  it 
was  discovered  by  Mr.  W.  H.  Shrubsole.  He  referred  it  to  the 
genus  Camptoeeras,  Benson,  a  recent  fresh-water  type,  hitherto 
known  only  from  three  species  found  in  widely  separated  localities 
in  India  by  different  naturalists.  The  genus  has  a  sinistrorse  shell, 
with  disunited  whorls;  and  the  species,  which  the  author  named 
Camptoceraa  priseum,  is  elongate,  with  the  apex  very  acuminate  and 
slightly  curved,  and  consists  of  four  whorls  rather  rapidly  increasing 
and  constricted  at  intervals,  then  becoming  tumid.  The  surface 
shows  slight  indications  of  spiral  ribbing  in  the  casts.  The  aperture 
is  not  distinctly  shown,  but  was  evidently  oblique,  circular  or  oblate, 
and  slightly  reflected.  The  length  of  the  shell  was  about  a  quarter 
of  an  inch.  Numerous  specimens  were  obtained  in  a  single  fragment 
of  clay. 

2.  "  Note  on  the  Os  Pubis  and  Ischium  of  Omithopsis  eucamerolM 
(synonyms — Eucameroius,  Hulke ;  Boihriospondylus  (in  part),  R. 
Owen ;  Chondrosleatosaurus,  R.  Owen)."  By  J.  W.  Hulke,  Esq., 
F.R.S.,  Pres.G.S. 

In  this  paper  the  author  reviewed  the  various  contributions  to  the 
knowledge  of  this  Dinosaur,  for  which  he  adopted  Prof.  Seeley's 
generic  name  OmithopstSj  and  employed  the  name  eucameroiuSy  origi- 
nally applied  by  him  to  the  genus  as  the  specific  name.  He  also 
discussed  the  affinities  existing  between  Orniihopsis  and  certain  other 
Dinosaurs,  such  as  Ceteosaurus  and  the  American  genera  Camara- 
saurtis,  AtlantosauruSy  and  Brontosaurua,  He  then  described  the 
pubis  and  ischium  which  have  recently  been  acquired  by  the  British 
Museum  from  the  collection  of  the  late  Rev.  W.  Fox,  by  whom  they 
were  purchased,  together  with  the  finest  typical  thoracic  vertebrae  of 
Orniihopsis,  The  pubis  was  described  as  an  oblong,  flattened,  nearly 
straight  bar,  about  1 1  inches  wide  in  the  middle  and  broader  at  the 
two  ends,  with  an  oval  foitimen  in  the  acetabular  dilatation  of  the 
proximal  part,  which  unites  by  a  straight  suture  with  the  anterior 
dilatation  of  the  ischium ;  the  latter  is  narrower,  stouter,  and  more 
curved  than  the  pubis.  The  length  of  the  pubis  is  about  29  inches, 
^  and  that  of  the  ischium  about  26  inches.    At  the  proximal  end  of 
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tbe  iscliinm  there  is  a  posterior  process  which  united  with  the  ilium 
and  formed  the  posterior  boundary  of  the  acetabulum,  the  inner 
border  of  this  and  the  posterior  part  of  the  proximal  surface  of  the 
pubis  forming  a  common  curve  belonging  to  the  acetabulum.  The 
author  campared  the  arrangement  with  that  found  in  AilanlomuruB 
immania.  Marsh. 

3.  "On  NeusHeoaaurtta  pusillua  (Fraas),  an  Amphibious  Heptile 
having  Affinities  with  the  Terrestrial  Nothosauria  and  with  the  Marine 
Plesiosauria."     By  Prof.  H.  G.  Seeley,  F.R.S.,  F.G.8. 

These  remains  come  from  the  Lettenkohle,  a  stratum  between  the 
Upper  Muschelkalk  and  Eeuper,  and  were  obtained  at  Hoheneck, 
about  nine  miles  north  of  Stuttgart  They  have  been  already  noticed 
by  Dr.  Fraas  under  the  name  of  Simosaurus  pusillm ;  but  the  palate 
differs  much  from  that  of  this  genus,  and  from  all  others  that  are 
known.  Netutieoaaurua  is  the  smallest  representative  of  the  Plesio- 
sauria yet  known,  and  has  a  special  interest  as  exhibiting  hind  limbs 
with  the  characteristics  of  a  terrestrial  animal,  while  the  fore  limbs 
are  modified  into  paddles.  Two  specimens  have  been  obtained. 
The  extreme  length  of  the  skeleton  of  the  larger  is  about  270  millms., 
and,  with  tbe  exception  of  the  abdominal  ribs  and  some  parts  of  the 
pelvic  girdle,  it  is  perfect.  The  author  describes  minutely  the 
various  parts  of  the  skeleton,  concluding  with  some  remarks  on  the 
affinities  of  the  Crocodiles  with  the  Plesiosaurs.  Neuaticosaurua  in« 
dicates  that  the  latter  had  ancestors  which  were  terrestrial  in  habit. 


IL— April  5,  1882.— J.  W.  Hulke,  Esq.,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : — 

1.  "Geological  Age  of  the  Taoonio  System.**  By  Prof.  J.  D. 
Dana,  F.M.G.S. 

The  author  takes  exception  to  some  remarks  made  before  the 
Geological  Society  by  Dr.  T.  Sterry  Hunt  on  the  IGth  November 
last.  Dr.  Sterry  Hunt  has  thrown  doubt  on  the  results  arrived  at 
by  the  geologists  who  have  studied  the  relations  of  the  so-called 
Taconic  strata,  not  in  consequence  of  any  observations  of  his  own, 
but  on  the  general  ground  that  "  where  newer  strata  are  in  uncon- 
formable contact  with  older  ones,  the  effect  of  lateral  movements 
of  compression,  involving  the  two  series,  is  generally  to  cause  the 
newer  and  more  yielding  strata  to  dip  towards,  and  even  beneath 
the  edge  of  the  older  rock — a  result  due  to  folds,  often  with  inversion, 
sometimes  passing  into  faults." 

It  was  pointed  out  in  opposition  to  these  views,  that  the  observa- 
tions of  Emmons,  H.  D.  and  W.  B.  Rogers,  Mather,  Sir  W.  Logan, 
James  Hall,  E.  Hitchcock,  C.  H.  Hitchcock,  Hager,  and  Wing, 
prove  that  the  Taconic  schists  and  limestones  are  in  conformable 
succession  and  of  Silurian  age.  The  stratigraphical  structure  of  the 
Taconic  range  is,  indeed,  so  simple  that  all  observers  who  have 
studied  it  have  described  the  schists  and  limestones  as  conformable  ; 
and  numerous  characteristic  Silurian  fossils  have  been  found  in 
both,  lliis  view  had  been  maintained  by  Sterry  Hunt  himself  till 
1878,  when  he  first  propounded  his  new  interpretations  of  tha  ^twXa^ 
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in  question ;    bat  the  latter  was  not  based  on  ismj  fresh  facts  or 
observations. 

The  author's  own  observations  on  the  subject,  carried  on  during 
many  years,  were  detailed  and  illustrated  by  a  map  of  the  whole  of 
the  Taoonic  range.  In  conclusion,  he  pointed  out  that,  even  if  Dr. 
Sterry  Hunt's  general  principle  were  conceded,  and  he  was  not  by 
any  means  himself  prepared  to  make  such  a  concession,  it  would 
have  no  bearing  on  the  point  at  issue ;  for  the  supposed  younger 
strata  do  not  dip  against  the  Taconic  schists.  In  opposition  to  the 
view  that  the  geological  eige  of  strata  can  be  inferred  from  their 
mineral  characters,  he  pointed  out  what  remarkably  different  rocks 
have  been  produced  by  the  metamorphism,  in  different  degrees,  of 
the  strata  of  the  Taconic  range. 

2.  ''On  some  Nodular  Felsites  in  the  Bala  Group  of  North 
Wales."     By  Prof.  T.  G.  Bonney,  M.A.,  FJI.S.,  Sec.  G.S. 

These  peculiar  felsites  are  chiefly  found  in  one  or  two  localities 
in  the  neighbourhood  of  Bettws-y-Coed  and  of  Conway.  In  the 
former  case,  in  the  same  mass,  are  found  ordinary  compact  felsite, 
exhibiting  under  the  microscope  fluidal  structure,  a  peculiar  rock, 
resembling  a  greenish  schist,  and  various  nodular  felsites  (with 
cleavage)  showing  nodules  sometimes  3  or  4  inches  in  diameter, 
some  being  solid,  others  hollow,  or  more  or  less  filled  with  chalcedony, 
chlorite,  chalybite,  etc.  The  nodules  never  exhibit  a  radial  struc- 
ture,  and  there  is  no  difierence  of  importance  between  their  struo- 
ture  and  that  of  the  ordinary  rock.  The  author  showed  that  the 
schisty  rock  is  only  an  amygdaloidal  felsite,  in  which,  after  cleavage, 
a  secondary  (micaceous?)  mineral  has  been  deposited  along  the 
cleavage-planes.  As  regards  the  nodular  structure,  he  showed  that 
it  is  analogous  to  the  spheroidal  structure  seen  on  a  large  scale  in 
many  igneous  rocks,  and  on  a  smaller  scale  in  perlite,  and  gave 
reasons  for  its  being  frequently  associated  with  vesicular  cavities. 
The  infiltration  of  these  cavities  and  consequent  solidification  was 
almost  certainly  prior  to  the  production  of  the  cleavage-surfaces, 
which  are  distorted  by  them.  The  Conway  felsites  exhibit  similar 
phenomena,  except  that  they  are  practically  uncleaved. 

3.  *'  On  the  Cambrian  (Sedgw.)  and  Silurian  Rocks  of  Scandi- 
navia."    By  J.  E.  Marr,  Esq.,  B.A.,  F.G.S. 

The  author  has  examined  the  following  areas  of  Cambrian  and 
Silurian  rocks  in  Scandinavia; — (1)  Dalecarlia,  (2)  Ostrogothia  and 
Westrogothia,  (3)  Christiania,  (4)  Scania,  (5)  Baltic  Isles.  A  sketch 
of  the  stratigraphy  of  each  of  these  regions  was  given,  and  the  author 
gave  the  following  conclusions : — 

SMudstones  of  Rams&sa  and  Bjersjolag&rd =  Ludlow. 
Cardiola  beds:    Cyrtograptm  and  Retiolitea  Shales  =  Wenlock. 
Lobiferus  Shales  :  Upper  part  of  Brachiopod  beds  =  May  Hill. 

/  Lower  part  of  Brachiopod  beds    =Upper  Bala. 

Cambrian   <  ^'"*""^^*'*  Shales :  Beyrichii  Limestone    =Miadle  Bala. 

*  j  Earg&rde  Shales  : .  Cystidean  Limestone =  Lower  Bala. 

\  etc.  =         etc. 

A  correlation  with  the  beds  of  Bohemia  was  also  given.     The 
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author  pointed  out  that  there  is  evidenoe  of  a  physical  break,  varying 
in  amoant,  as  well  as  of  a  palaeontologioal  one  between  the  Cambrian 
and  Silurian  of  Scandinavia.  Several  of  the  beds  of  Scandinavia 
admit  of  a  very  exact  parallel  with  strata  in  the  English  Lake 
District. 

The  author  considered  that  the  faana  of  the  Scandinavian  deposits 
affords  evidence  of  migrations.  This  can  be  shown  by  observing 
that  the  same  forms  occur  in  two  beds  of  different  age,  but  are 
absent  from  an  intermediate  one ;  or  by  tracing  beds  laterally,  and 
showing  that  the  forms  occur  in  an  earlier  deposit  in  one  lo<»dity 
than  in  another. 

The  author  considered  the  black  shales  deep-water  deposits,  and 
accounted  for  their  wide  extent  by  supposing  the  material  derived 
directly  from  the  decomposition  of  the  felspar  in  metamorphic  rocks, 
and  so  in  a  very  fine  state  of  division.  The  deep-water  fauna  in  the 
Cambrian  appears  to  have  migrated  from  the  south-west;  the 
flhallow-water  forms,  as  might  be  expected,  were  more  variable  in 
their  direction  of  migration:  examples  were  given  in  support  of 
this  view.  In  Silurian  times  the  direction  of  migration  appears  to 
have  changed,  the  dispersal  taking  place  from  Britain,  owing  probably 
to  greater  local  upheaval  there.  The  coast-line  also,  instead  of 
running  in  a  W.N.W.  and  E.S.E.  direction,  seems  to  have  run  more 
W.S.W.  to  E.N.E.,  as  shallow-water  forms  are  common  in  Britain, 
but  deep-water  forms  in  the  central  Swedish  area.  The  result  of 
the  author's  investigations,  as  bearing  on  classification,  is  that  there 
is  a  break  in  Scandinavia  at  the  base  of  the  equivalents  of  the  May- 
Hill  series,  but  no  other  break  in  the  Cambrian  series  of  Sedgwick 
of  equal  importance :  no  break,  physical  or  palsBontological,  existing 
at  the  base  of  the  CeratopygeAxm^BiouQ  (Tremadoc),  where  some 
authors  have  drawn  a  boundary. 

JIT.— April  26,  1882.— J.  W.  Hulke,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read: — 

1.  **  On  Fossil  Chilostomatous  Bryozoa  from  Mount  Gambier, 
South  Australia."     By  Arthur  W.  Waters,  Esq.,  F.L.S.,  F.G.S. 

The  author  gave  a  descriptive  list  of  66  species  of  Bryozoa,  be- 
longing to  the  suborder  Chilostoraata,  from  the  collection  of  the 
Geological  Society  and  of  Mr.  Etheridge,  Jun. ;  of  these,  16  were  con- 
sidered to  be  new,  28  are  now  found  living,  of  which  23  in  Australian 
seas,  25  were  found  in  the  material  previously  described  from  S.W. 
Victoria,  2  were  considered  identical  with  European  chalk  forms, 
11  with  Miocene,  12  with  Pliocene,  and  21  have  been  found  in 
a  collection  from  Bairnsdale,  Gippsland. 

Mr.  Waters  states  that  the  collections  in  his  hand  from  S.W. 
Victoria,  Mount  Gambier,  and  Bairnsdale  will  together  yield  about 
200  species  of  Chilostomata  and  Cyclostomata. 

2.  *'  Thamniacus :  Permian,  Carboniferous,  and  Silurian."  By 
George  W.  Shrubsole,  Esq.,  F.G.S. 

After  a  sketch  of  the  genus,  represented  by  one  Permian,  possibly 
two  Carboniferous,  and  one  Silurian  species,  the  author  diaouseed 
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certain  peculiarities  claimed  for  the  Permian  form  by  the  founder  of 
the  genus,  Prof.  King,  viz.  certain  "denticles,  yesicles,  cmd  hemi- 
spheric  bodies,  similar  to  those  observed  in  CeUaria  sodicomea,^* 
These  the  author  failed  to  find,  but  observed  on  the  cell-face  of  this 
form  a  strong  defensive  spine,  hollow  at  the  b£ise,  which,  when  worn, 
gave  an  appearance  which  resembled  the  above  structares.  A 
denticle-like  process  also  seems  only  to  be  the  unequal  wearing 
down  of  the  cell-mouth.  The  author  redescribed  the  genus,  as 
well  as  a  new  Silurian  species,  for  which  he  proposes  the  name  of 
Thatnniscus  antiquua.  It  is  from  the  Dudley  limestone,  and  is  in 
the  Woodwardian  Collection  at  Cambridge.  It  is  not  rare,  but  is 
generally  too  fragmentary  for  description. 

3.  "  On  the  Occurrence  of  a  New  Species  of  Phyllopora  in  the 
Permian  Limestones."     By  George  W.  Shrubsole,  Esq.,  P.G.S. 

The  specimen  on  which  this  species  is  founded  is  mentioned  in  an 
early  paper  by  Prof.  Sedgwick  on  the  Magnesian  Limestone.  It  was 
afterwards  named  Fenestella  ramosa  by  Prof.  Phillips,  and  considered 
by  Prof.  King  identical  with  Thamniscus  dubius.  But  with  neither 
of  these  genera  has  it  any  relationship,  as  it  really  belongs  to  King's 
genus  Fhyllopora,  founded  to  include  certain  Polyzoa  formerly  re- 
ferred to  Betepora,  a  modern  genus  whose  characteristics  cannot  be 
detected  among  the  remains  of  the  Palaeozoic  Polyzoa.  The  author 
described  the  characters  of  the  species,  and  traced  the  history  of  the 
genus,  which,  in  its  range  from  Lower  Silurian  to  Permian  times, 
is  characterized  by  two  distinct  types  of  species. 

4.  *^  On  the  Relations  of  the  Eocene  and  Oligocene  Strata  in  the 
Hampshire  Basin."     By  Prof.  John  W.  Judd,  F.R.S.,  Sec.  G.S. 

The  section  at  Whitecliflf  Bay,  in  the  Isle  of  Wight,  affords  us  the 
means  of  determining  the  true  order  of  succession  of  nearly  2000 
feet  of  Tertiary  strata,  and  is  therefore  employed  as  a  standard  to 
which  to  refer  the  strata  seen  in  sections  where  the  order  of  suc- 
cession is  not  so  clear.  The  author  supported  the  views  of  Prof. 
Prestwich  as  to  the  limits  of  the  Bracklesham  series,  as  opposed  to 
the  opinions  expressed  on  the  subject  by  the  Rev,  0.  Fisher.  He 
pointed  out  the  confusion  which  has  arisen  from  the  correlation  of 
certain  strata  in  the  Hampshire  basin  with  the  barren  Lower  and 
Upper  Bagshots  of  the  London  area,  in  which  fossils  are  so  rare  as 
to  render  their  geological  age  somewhat  doubtful.  To  the  Lower 
Bagshot  some  authors  have  referred  660  feet  of  the  strata  seen  at 
Alum  Bay ;  while  other  authors  have  restricted  that  name  to  about 
73  feet  of  the  same  section.  The  age  of  the  Upper  Bagshot  of  the 
London  basin  is  admitted  by  all  authors  to  be  very  doubtful.  The 
only  way  to  avoid  the  confusion  unavoidable  from  using  the  same 
names  for  strata,  the  correlation  of  which  was  so  hypothetical,  was 
to  employ  local  names  for  both  sets  of  beds.  He  proposed  to  refer 
to  the  freshwater  sands  below  the  Bracklesham  and  Bournemouth 
strata,  containing  a  distinctive  flora,  as  ''the  Studland  beds,"  and 
the  sands  above  the  Barton  clay  by  the  old  name  of  "  the  Headon- 
Hill  Sands." 

Above  these  sands  are  a  series  of  clays  only  about  40  feet  thick 
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at  Whiteoliff  Bay,  but  much  thicker  at  Headon  Hill  and  Hordwell 
Cliff.  These  Bands  and  clays  form  the  Headon  group ;  they  consist 
of  freshwater  strata  with  bands  of  limestone  and  lignite,  but  in- 
cluding numerous  inconstant  intercalations  of  layers  containing 
marine  shells,  for  the  most  part  much  dwarfed.  The  age  of  the 
Headon  group,  as  shown  by  the  fossils  which  it  contains,  is  that  of 
*'  the  zone  of  Cerithium  eoncavum  "  of  continental  authors. 

The  brackish- water  Headon  group  is  succeeded  at  Whitecliff  Bay 
by  nearly  100  feet  of  purely  marine  strata.  These  marine  beds, 
which  had  been  shown  to  rest  on  an  eroded  surface  of  the  Headon 
beds,  contain  the  remarkable  fauna  which  had  been  recognized  by 
many  British  and  foreign  geologists  as  that  of  the  Lower  Oligocene. 
Similar  strata  with  the  same  fossils  are  found  in  the  New  Forest, 
at  Lyndhurst,  Brockenhurst,  Koydon,  and  other  points,  and  there 
also  attain  a  considerable  thickness.  It  was  pointed  out  that  this 
marine  series  is  quite  distinct  from  the  Headon,  or  zone  of  Cerithium 
eoncavum f  with  which  it  had  been  confounded. 

The  author  had  been  severely  criticized  for  the  views  which 
he  had  put  forward  in  a  former  paper  as  to  the  manner  in  which 
the  Brockenhurst  series  is  represented  in  the  section  at  the  west 
end  of  the  Isle  of  Wight.  There  was  much  difficulty  in  these 
variable  estuarine  beds  in  correlating  the  beds  .seen  in  Col  well  Buy 
with  those  exposed  in  the  cliffs  of  Headon  Hill.  With  several  pre- 
vious authors  on  the  subject,  he  maintained  that  the  great  series  of 
sandstones  and  limestones  forming  Warden  Point  and  How  Ledge 
are  continuous  with  those  exposed  in  the  face  of  Headon  Hill,  and, 
consequently,  that  the  marine  beds  of  Colwell  Bay  overlying  these 
limestone  series  are  younger  than  the  brackish -water  bands  interstra- 
tified  with  the  Headon  beds  of  Headon  Hill.  His  critics,  however, 
insisted  that  these  two  beds  agreed  with  one  another  in  such  a 
manner  that  they  must  be  regarded  as  parts  of  the  same  bed,  sepa- 
rated by  denudation.  In  opposition  to  this  view  it  was  pointed  out 
that  the  Colwell-Bay  bed  is  of  the  most  inconstant  character,  and 
long  before  reaching  Headon  Hill  is  seen  to  be  on  the  point  of  thin- 
ning out  and  disappearing  altogether. 

In  conclusion,  the  author  pointed  out  that  his  own  interpretation 
of  the  succession  and  correlation  of  the  strata  in  the  Hampshire 
basin  brings  them  into  complete  harmony  with  that  which  is  main- 
tained by  the  great  majority  of  continental  geologists,  while  that  of 
his  critics  appeared  to  be  hopelessly  irreooncileable  with  their  views. 


OOErErES:P03Sr3DE3SrOE- 


FARTHER  DISCOVERY  OF  MAMMOTH  REMAINS  AND  ARCTIC 
SHELLS,  BELOW  BOULDER-CLAY,  NEAR  KILMARNOCK. 
Sm, — In  the  Geological  Magazine,  Vol.  VI.  p.  525,  I  reported 
a  find  of  Arctic  shells,  below  48  feet  of  Boulder-clay,  in  sinking  a 
pit,  near  to  the  old  quarry,  at  Greenhill,  Kilmaurs,  where  so  many 
Ham  moth  and  Elk  remains  have  been  discovered.  A  like  discovery, 
of  a  Mammoth  tusk,  and  Arctic  shells,  have  just  been  made  in  &  \^ 
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of  mnddy  sand,  below  70  feet  of  surface  and  Boulder-olay,  in  sink- 
ing a  pit  2\  miles  west,  or  down  the  valley,  from  the  above  quarry. 
The  tusk  was  broken  up  and  destroyed,  the  workmen  mistaking  it 
for  wood ;  a  fragment  was  procured  and  lodged  in  the  Hnnterian 
Museum,  Glasgow,  for  preservation.  The  shells  were  identified  by 
Mr.  John  Young,  F.G.S.,  of  this  museum,  as  follows : — Astarte  com- 
pressa,  Oyprina  hlandica,  Fustu  ?  a  fragment,  Mya  iruncaia,  Nucula 
tenuia,  Tellina  balthica,  Natica  Orctnlandica,  TurriteUa  terehra. 
Some  of  these,  and  other  fragments  of  shells  found,  had  a  water* 
worn  appearance.  The  section  taken  downwards  is  as  follows :— 
surface  and  Boulder-clay  78  feet,  muddy  sand,  the  mud  and  sand 
finely  lamiQated  in  alternate  layers,  about  two  feet,  soft  sand  one 
foot,  gravelly  sand  (fossiliferaus)  20  feet,  resting  on  ther  Carbon- 
iferous strata.  This  section  is  interesting,  by  throwing  light  upon 
the  position,  and  age,  of  these  fossiliferous  beds,  as  well  as  evidence 
of  their  extent.  Dr.  Bryoe  makes  them  Pre-Glacial,  cmd  of  the  age 
of  the  Upper  Crag  (Quarterly  Journal,  vol.  xxi.  p.  213).  From  an 
examination  of  the  rock  specimens  in  the  20  feet  bed  of  sand  under- 
lying the  fossiliferous  beds,  they  are  largely  made  up  of  erratics, 
highland  schists,  gneiss,  granite,  Old  Ked  Sandstone,  quarts,  etc. 
These  erratics  are  greatly  in  excess  in  this  bed  of  sand,  to  what 
Uiey  are  in  the  Boul4er-clay  of  the  district,  that  overlies  the  fossil- 
iferous beds.  At  one  time  I  made  a  minute  examination  of  the  rocks 
in  the  Boulder-day  of  this  district,  and  found  the  erratics  small, 
about  4  per  cent :  but  in  this  bed  they  are  nearly  80  per  cent,  of  the 
whole  rock  contents.     This  is  certainly  against  the  Pre-Glacial  age 

of  the  beds.  R.  Cbaig. 

Lanoside,  Bbith. 


THE  DISTURBANCES  AT  VOBSTER  IN  SOMERSET. 

Sib, — The  announcement  of  the  discovery  of  Millstone  Grit  at 
Vobster,  made  in  your  last  Number  by  the  Rev.  H.  H.  Win  wood, 
is  so  interesting  that  I  hope  he  will  give  further  particulars,  and 
publish  a  section  of  the  facts  observed.  In  my  diagram-section 
(Geol.  Mag.  Vol.  VTII.  p.  153)  I  have  inserted  the  Millstone  Grit 
at  Upper  Vobster,  but  not  at  Lower  Vobster  (to  which  Mr.  Winwood, 
I  presume,  refers)  :  its  presence  at  this  latter  place  will  simplify  the 
explanations,  and  dispose  of  one  argument  against  the  "  overthrow 
theory.'*  To  that  theory,  which  supposes  that  the  Limestone  masses 
of  Vobster  were  portions  of  rocks  "  squeezed  together,  thrown  up, 
and  finally  folded  over  from  the  main  ridge "  (i.e.  the  Downhead 
Anticlinal),  my  chief  objection  is  that  I  can  discern  no  evidence  in 
the  structure  or  lie  of  the  Lower  Carboniferous  rocks  and  Old  Red 
Sandstone  to  favour  the  notion.  Why  not  take  into  account  the 
ascertained  structure  in  these  hard  and  well-marked  rocks,  and  not 
rely  simply  on  the  evidence  in  the  neighbourhood  of  Vobster,  where 
in  the  comparatively  soft  and  yielding  Coal-measures  (to  quote  the 
words  of  Mr.  McMurtrie)  *'we  find  an  amount  of  confusion  and 
distortion  which  literally  baffles  description  "  ? 

We  have  actual  evidence  of  a  faulted-antidinal  at  Penhill  House, 
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west  of  Binegar,  the  oontinoation  of  which  disturbance  may,  and 
very  probably  does,  run  through  the  Yobster  coal-district,  to  the 
north  of  the  Downhead  anticlinal :  and  it  would  be  quite  capable  of 
producing  the  phenomena  of  the  inverted  Limestone-masses  (see 
GsoL.  Mao.  Decade  U.  Vol.  III.  p.  457). 

My  belief  is,  that  had  a  diagram  on  a  true  scale  (as  regards  the 
configuration  of  the  land  and  the  great  divisions  of  the  rocks),  been 
attempted  by  those  who  now  support  the  ''  overthrow  theory,"  this 
theory  would  never  have  found  an  advocate.  Will  Mr.  Winwood 
kindly  furnish  such  a  diagram  ?  Hobaox  B.  Woodward. 

Fakbnhax. 


THE  GEOLOGY  OF  ANGLESEA. 

Sib, — I  do  not  clearly  see  the  object  of  the  paper  by  Dr.  R.  D, 
Roberts,  which  appears  in  the  May  Number  (p.  152).  It  is  simply 
a  recapitulation,  from  his  point  of  view,  of  the  arguments  which 
have  already  been  submitted  by  us  to  your  readers,  with  whom  the 
matter,  so  far  as  I  am  concerned,  must  now  rest  It  is,  perhaps, 
rather  singular  that  Dr.  Roberts  should  strive  so  persistently  to  hunt 
to  the  death  an  argument  which  was  adduced  by  me  in  support  of 
a  conclusion  which  he  himself  accepts,  viz.  the  Archssan  age  of  the 
granitoid  series.  I  must  decline  to  adopt  his  views  as  to  the  mode 
in  which  I  shall  use  my  private  note-book.  I  claim  to  be  the  best 
judge  of  what  is  essential  or  non-essential  to  my  argument.  The 
faulted  sections  have  not  been  published,  simply  because  they  are 
not  required.  Dr.  Roberts  evades  the  difficulties  which  I  pointed 
out  in  his  reasoning  on  the  sections  at  Bryngwallen  and  Penlon,  on 
the  pretext  that  he  has  discussed  them  in  his  dispute  with  Profl 
Bonney.  This  is  quite  erroneous,  as  those  who  have  followed  the 
controversy  can  judge. 

From  Dr.  Roberts's  paper,  your  readers  will  have  learned, 
probably  not  without  surprise,  that  he  sent  to  you  his  list  of  my 
"  errors  "  at  a  time  when  he  had  not  access  to  my  papers,  and  they 
will  know  how  to  estimate  the  accuracy  of  a  critic  who  can  make 
sweeping  charges  against  another,  without  taking  the  trouble  to 
ascertain  if  he  is  truly  representing  his  opponent's  views.  Dr. 
Roberts  has,  however,  candidly  apologized  for  one  of  his  random 
assertions  ;  and  the  other  corrections  will,  I  doubt  not,  appear  in  his 
next  communication. 

Wellington,  Salop.  C.  Callaway. 


THE  HEADON  HILL  SECTION. 

Sib, — Possibly  Prof.  Judd's  letter  in  the  April  Number  may  have 
been  read  by  some  who  had  not  seen  mine.  I  therefore  ask  you  to 
reprint  the  portions  to  which  he  refers.     I  wrote : — 

'*  When  we  recollect  that  one  of  the  authors  (of  the  paper  under 
discussion)  was  bom  in  the  Isle  of  Wight,  and  spent  the  best  years 
of  his  life  in  professional  work,  chiefly  in  exploring  and  collecting 
&om  the  Eocene  beds  of  the  district,  some  little  amount  of  warmth 
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was  justifiable  in  defending  what  were  his  own  well-matured  views, 
as  well  as  those  of  the  surveyors,  against  an  attack,  which,  however 
learned,  was  apparently  based  upon  work  in  the  museum  and  library." 
'*  PalsBontological  evidence  is  a  powerful  assistant  to  stratigraphy, 
but  it  must  yield  precedence  to  results  clearly  made  out  in  the  field." 
The  Professor  in  his  reply  enumerates  his  extensive  continental 
labours  and  studies,  thus  justifying  my  estimate  of  his  learning. 
But  it  seems  to  me  now,  that  his  foreign  studies  have  been  carried 
too  far.  For  his  comment  on  the  above  quoted  passage  is,  that  he 
hopes  I  am  the  only  geologist  who  will  regard  such  action  (the  study 
of  foreign  geology)  as  constituting  a  disqualification  on  his  part — an 
interpretation  certainly  <'  foreign ''  to  my  meaning. 

0.   FiSHEB. 


BATE  OF  DENUDATION. 

Sib, — ^The  appearance  in  your  March  Number  of  the  letter  of  Mr. 
McJames  asking  explanation  of  some  points  in  Mr.  Tyler's  letter 
induces  me  to  notice  some  errors  in  the  latter. 

1.  Evidently  by  a  slip  of  the  pen  Mr.  Tylor  has  given  r*  instead 
of  r*  as  the  law  of  variation  of  transporting  power  of  running  water, 
although  his  calculations  are  based  upon  the  true  law:  f^.  Mr. 
Tylor  is  right,  therefore,  in  stating  that,  when  the  velocity  increases 
3  times,  the  transporting  power  is  increased  729  timeSy  and  not  243 
times,  as  Mr.  McJames  thinks  it  ought  to  be.  This  law  was  estab- 
lished by  Mr.  Hopkins  in  1842  (Phil.  Mag.  1846,  vol.  xxvii.  p.  56), 
and  is  now  universally  accepted.  It  may  be  stated  thus :  **  The 
weigld  of  the  largest  fragment  (of  given  form  and  sp,  gr,)  transportable 
hy  a  current  varies  as  the  sixth  power  of  the  velocity" 

2.  But  transporting  power  must  not  be  confounded  with  erosive 
power.  This  is  Mr.  Tyler's  mistake,  and  it  vitiates  all  his  calculations. 
The  resistance  to  be  overcome  in  the  one  case  is  weight,  in  the  other 
cohesion.  The  one  varies  as  v^,  the  other  probably  v^.  In  many  cases 
of  lightly  cohering  material  the  resistance  is  a  mixture  of  these  two 
resistances  and  the  power  of  removal  will  vary  somewhere  between 
t7*  and  »•.  Joseph  Le  Contb, 

Berkeley,  California. 


JUKES  AND  THE  SUPPOSED  LAURENTIAN  OF  DONEGAL. 

Sib, — I  have  taken  advantage  of  the  first  leisure  I  have  had  to 
look  up  my  notes  for  the  '*  Geology  of  Ireland,"  and  have  to  request 
that  you  will  publish  the  following. 

In  1862,  after  describing  the  Laurentians  or  primary  gneiss  of 
Sutherland,  Jukes  goes  on  to  say : — "  Ireland — It  is  probable  that 
some  of  the  highly  metamorphosed  rocks  of  the  north  of  Ireland 
may  consist  of  this  Pre-Cambrian  gneiss." 

G.  H.  Kinahan. 
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L — Eminent  Living  Geologists. — ^No.  6. 
Sir  AxDKEW  C.  Ramsat,  LL.D.,  F.R.S.,  V.P.G.8.,  etc.,  etc. 

(WITH  A  PORTRAIT.)  ^ 

THE  recent  retirement  of  Sir  Andrew  Ramsay  from  the  post  of 
Director-General  of  the  Geolo^cal  Survey  of  Great  Britain, 
affords  us  a  fitting  opportunity  to  place  on  record  in  the  pages  of  the 
Geological  Magazine  a  short  account  of  the  career  of  this  eminent 
living  geologist. 

Andrew  Crombie  Ramsay  was  bom  in  Glasgow  in  1814,  being  the 
son  of  William  Ramsay,  a  chemist  of  more  than  local  distinction,  the 
inventor  of  several  chemical  processes,  such  as  the  manufacture,  on 
a  large  scale,  of  bichromate  of  potash,  and  of  pyroligneous  acid. 
As  was  naturally  to  be  expected  from  such  a  man,  he  impressed 
upon  his  children  his  own  love  for  science,  and  he  cultivated  in  them 
a  strong  taste  for  literature. 

It  was  not  till  Andrew  was  23  years  of  age  that  his  attention  was 
drawn  to  geology.  The  science  had  then,  under  the  influence  of 
Buckland,  Sedgwick,  De  la  Beche,  Phillips,  Murchison,  Lyfell,  and 
otliers,  begun  to  take  its  true  position,  and  was  advancing  with 
rapid  strides.  Desiring  to  know  if  there  was  any  reality  in  Us 
teachings,  Mr.  Ramsay  commenced  reading  Scrope's  "  Volcanoes  of 
Auvergne,"  and  Lyeirs  "Principles  of  Geology."  The  future  of 
Andrew  Ramsay  was  thus  fixed,  though  he  had  yet  to  labour  for 
some  time  in  a  sphere  which  was  uncongenial  to  the  young  and 
ardent  lover  of  science.  Had  the  British  Association  effected  no 
other  good,  it  has  done  great  service  by  drawing  from  the  crowd  in 
which  they  were  obscured,  many  a  true  inductive  philosopher. 
A  committee  was  formed  in  Glasgow  in  1839,  to  prepare  for  the 
reception  of  that  body.  Mr.  A.  Ramsay  was  a  member  of  that 
committee,  and  in  this  capacity  the  task  of  constructing  a  geological 
map  and  model  of  the  Isle  of  Arran  fell  entirely  to  him.  Though 
inexperienced,  the  young  geologist  set  to  work  with  a  will ;  he 
surveyed  the  island,  collected  specimens  of  its  rooks  and  minerals, 
niapped  and  modelled  it  on  the  scale  of  six  inches  to  the  mile.     This 

'  We  are  indebted  to  the  courtesy  of  the  publishers  of  the  "  I^eisure  Hour"  for 
ptnuission  to  reproduce  the  excellent  portrait  of  the  subject  of  our  present  Memoir. 
~£dit.  Geol.  AIao. 
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map  and  model  were  exhibited  at  the  Meeting  of  the  British  Associa- 
tion in  1840,  and  attracted  the  attention  of  geologists.  The  result 
was,  that  Mr.  (afterwards  Sir)  Hoderick  Murchison  asked  Mr. 
Kamsay  to  accompany  liim  to  Russia,  the  geological  examination 
of  which  country  he  was  about  to  undertake  at  the  invitation  of 
the  Emperor.  The  offer  made  was  not  likely  to  be  refused  by  an 
ardent  aspirant  for  geological  honours,  warmed  with  his  first  success. 
But  in  March,  1841,  Kamsay  having  proceeded  to  London  to  join 
Murchison,  Mr.  (afterwards  Sir  Henry)  De  la  Beche  offered  him 
the  post  of  Assistant-Geologist  on  the  Geological  Survey  of  Great 
Britain ;  which,  after  due  consideration,  he  preferred  to  accept.  In 
April  of  that  year  Mr.  Kamsay  joined  the  Geological  Surveyors  at 
Tenby.  Keleased  from  uncongenial  city  pursuits,  associating  with 
De  la  Beche,  Professor  John  Phillips,  and  the  younger  members  of 
the  Geological  Survey,  living  almost  among  the  hills,  by  the  rivers, 
and  on  the  sea-coasts  of  South  Wales,  every  day  to  him  seemed 
a  holiday.  In  this  year  Mr.  Kamsay  published  his  "  Geology  of  the 
Isle  of  Arran/'  and  geological  science  became  the  aim  and  object  of 
his  life.  In  1844  he  was  elected  a  Fellow  of  the  Greological  Society. 
In  1845  the  Geological  Survey  of  Great  Britain  was  remodelled, 
and  Ireland  was  included  in  it.  Mr.  De  la  Beche  was  appointed 
Director- General  for  the  United  Kingdom,  with  two  Local  Directors, 
Mr.  A.  C.  Kamsay  being  appointed  Local  Director  for  Great  Britain, 
and  Captain  (afterwards  Colonel  Sir  Henry)  James  the  Local  Director 
for  Ireland.  Sir  Henry  James  subsequently  became  the  head  of  the 
Ordnance  Survey,  and  was  succeeded  in  Ireland  by  Dr.  Oldham, 
afterwards  Director-General  of  the  Geological  Survey  of  India,  who 
was  followed  by  Professor  Jukes.  Sir  Henry  James,  Dr.  Oldham, 
and  Professor  Jukes  have  now  all  passed  "  into  the  silent  land,"  but 
their  names  and  labours  will  live  long  after  them. 

As  Local  Director  of  the  Geological  Survey  of  Great  Britain, 
Ramsay  was  brought  into  contact  with  most  of  the  young  rising 
men  of  science,  amongst  whom  he  had,  as  his  special  friends, 
Edward  Forbes,  Lyon  Playfair,  Kobei-t  Hunt,  A.  K.  C.  Selwyn,  and 
Warington  Smyth,  and  he  was  fairly  launched  on  that  scientific 
career  in  which  he  has  since  won  such  a  world-wide  reputation. 

In  1848  he  was  appointed  to  the  Chair  of  Geology  in  University 
College,  London,  and  he  was  elected  a  Fellow  of  the  Koyal  Society 
in  1849.  Professor  Kamsay  held  this  chair  until  1851,  when 
be  resigned  it  for  the  Professorship  of  Geology  in  the  Koyal 
School  of  Mines,  which  was  opened  on  the  6th  of  November  by  an 
inaugural  discourse  delivered  by  Sir  H.  De  la  Beche.  This  was 
followed  by  opening  lectures  from  Dr.  Lyon  Playfair,  C.B.,  F.R.S., 
Professor  Edward  Forbes,  F.K.S.,  Mr.  Kobert  Hunt,  F.R.S.,  one 
from  Professor  Ramsay,  F.K.S.,  "  On  the  Science  of  Geologj'  and  its 
Application,"  one  by  Professor  W.  W.  Smyth,  M.A.,  and  one  by  Dr. 
J.  Percy,  F.R.S.  When  the  British  Association  met  at  Cheltenham 
in  1856,  Prof.  Ramsay  was  the  President  of  the  Geological  Section, 
on  which  occasion  he  delivered  an  address  "  On  Breaks  in  the  Suc- 
cession of  the  British  Rocks,"  showing  the  connexion   of  uncon- 
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formity  with  the  ohanges  of  genera  and  species.  In  1857  he  was 
deputed  by  the  Oeological  Society  to  the  American  Association  for 
the  Advancement  of  Science.  Professor  Ramsay  then  visited  Canada 
and  the  Northern  States  in  company  with  Sir  W.  Logan  and  Prof. 
James  Hall,  thus  learning  much  of  Laurentian  and  Silurian  geology, 
and  writing,  on  his  return,  a  paper  on  the  ''  Glacial  Phenomena  of 
North  America."  He  also  delivered  a  discourse  at  the  Royal  In- 
stitution on  this  subject. 

No  geologist  has  studied  the  phenomena  of  glacial  action  with 
more  assiduity  and  laborious  attention  to  the  minute,  as  well  as 
large  indications  of  the  action  of  ice,  than  Professor  Ramsay.     In 
1852  he  made  his  first  journey  to  Switzerland,  sinoe  which  time 
he  has  made  several,  for  the  purpose  of  studying  the  glaciers  of 
that  country.     In  pursuit  of  this  knowledge  he  has  visited  various 
parts  of  Germany  and  the  North  of  Italy;   he  has  crossed  many 
high  glacier  passes,  and  climbed  the  Lysham  and  other  mountains. 
At  different  times  several  memoirs  and  essays  on  this  subject  have 
appeared  from  the  pen  of  Professor  Ramsay.     Amongst  others,  the 
"Old  Glaciers  of  Switzerland  and  North  Wales,"  which  appeared 
in  the  first  volume  of  "  Peaks,  Passes  and  Glaciers,"  and  which  was 
subsequently  published  as  a  separate  volume  by  Messrs.  Longman. 
A  paper  on  "  Permian  Ice,  on  the  Occurrence  of  Glaciers  and  Ice- 
bergs during  the  Permian  Epoch,"  was  the  first  that  grappled  with 
the  subject  of  glacial  epochs  in  old  geological  periods ;  some  vague 
hints  had  previously  existed  as  to  the  possibility  of  such  phenomena, 
but  the  fact  was  proved  by  Professor  Ramsay  from  the  size,  shape, 
and  ice -scratches  of  the  stones  in  the  Permian  breccias,  and  the  great 
distance  from  whence  many  large  boulders  had  been  transported. 
Pursuing   the   same   inquiry,  Professor   Ramsay  published  in   the 
**  Reader,"  notices   of  ice-smoothed   and   ice-scratched  stones  in  a 
conglomerate  of  the  Old  Red  Sandstone  near  Kirkby  Lonsdale,  an 
idea  first  conceived  by  him  in  1841,  and  the  confirmation  of  which 
he  was  long  looking  for.     The  previous  paper,  taking  up  an  entirely 
new  position,  was  treated  with  some  indifference  by  the  older  geo- 
logists, while  the  novelty  of  the  views  by  degrees   excited    some 
interest  in  the  younger  men.     Now  that,  on  astronomical  grounds, 
geologists  begin  to  admit  the  probability  of  the  recurrence  of  glacial 
periods,  they  also  begin  to  refer  to  the  Permian  paper  by  Professor 
Ramsay,  which  lay  half  dead  for  eleven  years,  and  the  time  may 
be  near  when  they  will  quote  with  approval  the  hypothesis  of  the 
recurrence  of  periods  of  cold.     These  enlarged  generalizations  from 
the  most  painstaking  observations  speak  of  a  rare  combination  in 
the  character  of  Professor  Ramsay's  mind.     He  has  never  been  a 
mere  geological  observer,  for  whilst  he  has  been  unwearying  in  his 
field-labours,  he    has    at  the    same  time   been  cautiously  drawing 
his  deductions,  and  at  length  boldly  enunciating  views  of  a  high 
philosophical  character.     This  is  strikingly  shown  in  a  much  earlier 
paper    **  On   the   Denudation    of    South  Wales   and    the  Afljacent 
Counties  of  England,"  which  appeared  in  the  first  volume  of  the 
Memoirs  of  the  Geological  Survey  in  1846. 
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Professor  Ramsay  has  published  namerous  papers,  memoirs,  etc., 
in  the  *'  Proceedings  of  the  Geological  Society,"  the  *'  Philosophical 
Magazine,"  etc.  His  paper  on  ''The  Glacial  Origin  of  Certain 
Lakes,"  etc.  (Quart  Joum.  Geol.  Soc.  1862),  and  other  memoirs 
on  this  and  allied  subjects,  as  the  erosion  of  valleys,  have  attracted 
much  attention,  and  excited  a  discussion  which  is  still  maintained 
with  animation  and  interest  Professor  Bamsay  has  published  a 
geological  map  of  the  British  Isles,  and  illustrated  and  explained 
it  by  a  work  "  On  the  Physical  Geology  and  Geography  of  Great 
Britain."  ^  But  the  maps  and  sections  produced,  under  his  direction, 
by  the  Geological  Survey  of  the  United  Kingdom,  are  the  finest 
evidence  of  his  labours,  and  of  those  of  the  band  of  young  geologists 
who  have  been  in  great  part  trained  by  him.  Professor  Ramsay *s 
latest  work  in  immediate  connexion  with  the  National  Survey, 
"The  Geology  of  North  Wales,"  was  declared  by  the  late  Sir 
Roderick  Murchison  to  be  "the  most  important  work  which 
has  been  issued  by  the  Geological  Survey  during  the  ten  years  that 
have  elapsed  since  I  became  Director."  Few  books  in  the  English 
language  contain  a  greater  amount  of  geological  detail,  almost 
entirely  the  result  of  actual  survey  by  the  writer.  To  those  who 
desire  to  master  the  geological  structure  of  North  Wales,  this  work 
is  an  invaluable  gift.  A  new  edition  has  just  been  issued,  embody- 
ing all  the  latest  researches  into  this  interesting  country. 

In  1864-5  Professor  Ramsay  was  President  of  the  Geological 
Society,  and  in  1866  the  University  of  Edinburgh  bestowed  the 
degree  of  LL.D.  upon  this  eminent  geologist.  In  the  same  year  he 
was  again  elected  President  of  the  Geological  Section  of  the  British 
Association,  and  delivered  an  Inaugural  Address  to  that  body  at 
Nottingliam. 

On  February  17th,  1871,  the  Council  of  the  Geological  Society  of 
London  awarded  the  Wollaston  Gold  Medal  to  Professor  Ramsay. 

On  the  death  of  Sir  Roderick  Murchison,  which  occurred  October 
22,  1871,  the  general  care  of  the  Geological  Surveys,  which  had  so 
long  devolved  upon  Prof.  Ramsay,  met  its  due  reward,  and  he  was 
shortly  afterwards  made  Director-General,  Prof.  E.  Hull,  M.A., 
F.R.S.,  being  Director  of  the  Irish  Branch,  and  Prof.  A.  Geikie, 
LL.D.,  F.R.S.,  Director  of  the  Geological  Survey  of  Scotland. 

On  Prof.  Ramsay  retiring  from  the  office  of  Lecturer  on  Greology 
to  the  Royal  School  of  Mines,  he  was  succeeded  by  Prof.  J.  W. 
Judd,  F.R.S. 

He  was  a  recipient  of  one  of  the  Royal  Medals  of  the  Roj'al 
Society  on  the  30th  November,  1879. 

In  1880  Prof.  Ramsay  was  President  of  the  British  Association  at 
Swansea,  taking  as  the  subject  of  his  address,  "  The  Recurrence  of 
Certain  Phenomena  in  Geological  Time." 

As  President  of  Section  C,  at  the  Meeting  of  the  Association  at 

York,  in  1881,  Prof.  Ramsay  reviewed  "  The  Ongin  and  Progress 

of  the  Present  State  of  British  Geology,  especially  since  the  first 

Meeting  of  the  British  Association  at  York  in  1831."     On  December 

^  A  work  which  has  now  arrived  at  its  fifth  and  wholly  re*wiitten  edition. 
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7tb,  1881,  the  honour  of  Knighthood  was  conferred  upon  him  in 
acknowledgment  of  his  long  and  distinguished  public  services,  and 
at  the  end  of  the  year  Sir  Andrew  Ramsay  resigned  his  appointment 
as  Direotor-Qeneral  of  the  Gkologioal  Survey  of  the  United  Kingdom • 
The  present  Director-General  of  the  Geological  Survey,  A.  Geikie, 
Esq.,  LL.D.,  F.R.S.,  has  been  connected  with  that  service  since 
Oct  lo,  1855.  When  the  Geological  Survey  of  Scotland  was  recog- 
nized as  a  separate  branch  of  the  establishment,  Mr.  G«ikie  was 
appointed  as  Director.  In  1865,  Mr.  Geikie  was  elected  a  Fellow 
of  the  Boyal  Society  of  London ;  he  was  President  of  the  Geological 
Section  of  the  British  Association  at  Dundee  in  1867,  and  again  at 
Edinburgh  in  1871 ;  in  the  same  year  he  was  created  Murchison 
Professor  at  the  express  wish  of  the  founder  of  the  Chair,  an  ap- 
pointment which  he  only  recently  resigned.  In  1873,  the  Univer- 
sity of  Edinburgh  conferred  upon  him  the  distinction  of  LL.D.,  and 
in  1881,  the  Geological  Society,  in  recognition  of  his  scientific 
labours,  presented  him  with  the  Murchison  Medal.  Mr.  Geikie  is 
well  known  as  an  accomplished  writer.  Amongst  his  many  contri- 
butions to  geological  literature  may  be  mentioned,  *'  The  Story  of  a 
Boulder,"  1858;  '-The  Glacial  Drift  of  Scotland,"  1863;  "The 
Scenery  and  Geology  of  Scotland,"  1865 ;  this  was  accompanied 
by  a  Gfeological  Map  of  Scotland ;  "  The  Life  of  Murchison,"  2  vols. 
1874 ;  and  his  lately  published  ''  Geological  Sketches  at  Home  and 
Abroad."  He  contributed  the  exhaustive  article  on  Geology  to  the 
cun-ent  edition  of  the  Encyclopssdia  Britannica,  and  is  now  engaged 
in  the  preparation  of  a  "  Text-book  of  Geology,"  which  will  form  a 
volume  of  some  800  pages. 


II. — On  the  Modu  of  Origin  of  the  Lobss. 

By  Professor  Baron  F.  Richthofen, 
of  the  University  of  Bonn-on-the -Rhine. 

[^pHE  following  communication,  although  addressed  to  the  Editor 
X  in  the  form  of  a  letter,  is  of  such  importance  that  we  need  make 
no  apology  for  treating  it  as  an  Original  Article,  feeling  sure  that  our 
readers  will  be  as  much  interested  as  ourselves  in  the  observations 
of  80  eminent  a  geologist,  who  has  spent  many  years  in  actual  study 
of  these  vast  deppsits,  as  to  the  origin  of  which  he  is  consequently 
able  to  speak  with  such  profound  knowledge  and  mature  judgment. 
— Edit.  Geol,  Mao.] 

Sir, — You  will  receive  in  a  few  days  a  copy  of  the  second  volume 
of  my  work  on  China,  which  I  requested  my  publisher  (Mr.  Dietrich 
Reimer,  of  Berlin)  to  send  to  your  address.^  In  this  volume  are 
embodied  the  results  of  my  travels  in  Northern  China,  and  it  is 
chiefly  devoted  to  the  geology  of  that  country.  The  third  volume 
will  comprise  Southern  China,  while  the  fourth,  which  is  to  contain 
the  description  of  a  portion  of  the  fossils  collected  by  me,  is  now 
going  through  the  press  and  will  be  ready  within  a  few  months.  It 
will  be  accompanied  by  62  plates.      The  palaeontological  memoirs 

*  Since  received. — Edit.  Geol.  Mag. 
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in  it  have  been  prepared  by  Messrs.  Dames,  Kayser,  Lindstrom, 
Scbenk  and  Scbwager.  Unfortunately,  the  topographical  and  geolo- 
gical maps  relating  to  Northern  China  (14  sheets),  which  will  be 
published  as  the  first  portion  of  an  Atlas  of  China,  are  not  yet 
ready,  and  the  second  volume,  to  which  this  first  series  of  maps 
belongs,  must  make  its  way  for  some  time  without  their  aid. 

I  hope  that,  if  you  should  consider  the  book  worthy  of  a  special 
notice  in  the  Magazine,  the  reviewer  will  kindly  take  into  considera- 
tion that,  with  the  exception  of  the  very  able  report  of  Pumpelly  on 
a  district  of  comparatively  small  extent  in  the  vicinity  of  Peking, 
this  is  the  first  attempt  towards  the  geological  description  of  a  vast 
region  which,  orographically  as  well  as  geologically,  was  entered  by 
me  as  a  terra  incognita,  and  that  as  a  solitary  wanderer  I  did  not 
enjoy  the  advantages  offered  to  the  geological  member  of  a  well- 
equipped  expedition,  who  can  devote  all  his  energy  to  one  single 
class  of  subjects,  and  is  neither  occupied  with  the  construction  of  his 
own  topographical  maps,  nor  hampered  by  the  daily -recurring  care 
of  pack-mules,  carriage -bearers,  etc. 

The  first  volume  of  my  work,  which  was  published  in  1877,  has 
not  been  sent  to  the  Geological  Magazine,  because  its  contents  were 
chiefly  geographical  and  historical.  One  geological  problem  only 
was  treated  in  it  at  considerable  length ;  this  is,  the  origin  of  the 
Loess  and  the  mode  of  growth  of  the  soil  of  steppes.  It  appears  to 
me,  therefore,  quite  natural  that  the  book  should  have  been  taken 
notice  of  by  only  a  few  geologists.  But  I  might  have  expected  that 
a  prominent  scholar,  who  in  his  literary  studies  has  moved  over  the 
same  ground  with  me  and,  although  with  a  far  wider  scope  of  learn- 
ing than  I  acquired  and  at  very  much  greater  length  than  I  was  able 
to  devote  to  the  subject,  has  treated  the  history  of  Central  Asia, 
should  have  at  least  glanced  at  the  contents  of  the  book.  Such, 
however,  has  evidently  not  been  done  by  Mr.  H.  H.  Howorth,  when 
he  undertook  to  discuss  the  question  of  the  origin  of  the  Loess  in 
two  numbers  of  the  Magazine  (January  and  February,  1882),  and 
it  appears  that  my  publications  on  the  subject  have  completely 
escaped  his  knowledge.  All  he  knows  respecting  a  theory  on  the 
mode  of  origin  of  the  Chinese  Loess,  which  1  first  advanced  in  1870, 
is  taken  from  the  few  lines  of  a  foot-note  of  a  paper  by  Mr.  Eingsmill, 
who,  in  1871,  accepting  the  name  of  Loess,  which  I  applied  to  the 
Chinese  deposits,  suggested  a  theory  of  a  marine  origin  for  them 
(Quart.  Journ.  Geol.  Soc.  vol.  xxvii.  pp.  37G  to  383).*  If  the  words 
in  which  Mr.  Howorth  mentions  my  theory  did  really  render  it,  his 

*  The  theory  of  the  subaerial  origin  of  the  Loess,  which,  according  to  Mr.  Howorth 
(p.  16),  **  has  received  the  sanction  of  Richthofen  nnd  Pumpelly."  but  which,  in  fact, 
was  started  by  me  and  endorsed  by  M.  Raph.  Pumpelly  (A.  Y.  Natiotty  April  14,  1878), 
who  had  advocated  before  a  fluviatile  origin,  was  noticed  first  very  briefly  in  my  Letter 
on  th4: provinces  of  Monan  and  iihansiy  Shanghai,  1870,  pp.  9-10,  and  at  some  greater 
length  in  mv  Lttter  ott  the  provinces  of  Chilis  Shansiy  ^hensij  etc.,  Shanghai,  1872, 
p.  13-18.  i^he  full  discussion  of  the  subject  is  given  in  CA»>w,  vol.  i.  pp.  66  to  189. 
and  a  short  abstract  in  Vet  handlungen  der  K.  K.  geologischen  JRciehsanatalt,  1878,  pp. 
289  to  296.  I  could  not  avoid  reverting  to  it  repeatedly  in  Chinas  vol.  ii.  (see  tor 
descriptions  f.  i.  pp.  349-351,  422  427,  530-533,  650-551,  and  for  discussion,  pp. 
741  to  766). 
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arguments  against  it  would,  at  least  in  part,  be  well  founded ;  but  I 
consider  it  not  improbable  that  he  would  not  have  started  the  con- 
troversy if  he  had  taken  the  trouble  to  make  himself  acquainted 
with  the  subject  against  which  it  is  directed. 

Will  you  allow  me,  therefore,  to  offer  to  the  readers  of  Mr. 
Howorth's  article  a  short  explanation  of  the  views  at  which  I  arrived 
regarding  the  mode  of  origin  of  the  Loess  when  I  was  gazing  daily 
at  its  astounding  deposits  and  grotesque  features  in  the  Chinese 
provinces  of  Honan  and  Shansi,  views  which  I  found  not  only 
corroborated  during  my  further  travels  throughout  all  Northern 
China  and  in  the  Mongolian  Steppes,  but  which,  on  the  strength  of 
comparative  study,  I  was  afterwards  able  to  apply  with  equal  force 
to  Tibet,  the  region  of  Khotan  and  Yarkand,  and  great  portions  of 
south-western  Asia,  as  well  as  to  all  Loess-covered  regions  of 
£urope,  and  of  the  continents  of  North  and  South  America. 

Any  theory  which  undertakes  to  deal  with  the  problem  of  the 
origin  of  the  Loess  must  give  a  valid  explanation  of  the  following 
characteristic  peculiarities  of  it,  viz. : 

Ist.  The  petrographical,  stratigraphical,  and  faunistic  difference  of 
the  Loess  from  all  accumulations  of  inorganic  matter  which  have 
been  deposited  previously  and  subsequently  to  its  formation,  and  ai*e 
preserved  to  this  day. 

2nd.  The  nearly  perfect  homogeneousness  of  composition  and 
structure,  which  the  Loess  preserves  throughout  all  the  regions  in 
which  it  is  found  on  the  continents  of  Europe  and  Asia ;  it  offers 
in  this  respect  a  remarkable  contrast  to  all  sediments  proved  to  be 
deposited  from  water  within  the  last  geological  epochs,  excepting 
those  of  the  deep  sea,  which  are  here  out  of  the  question. 

3rd.  The  independence  of  the  distribution  of  the  Loess  from  the 
amount  of  altitude  above  sea-level.  In  China  it  ranges  from  a  few 
feet  to  about  8000  feet  above  the  sea,^  and  farther  west  it  rises 
probably  to  much  greater  altitudes.  In  Europe  it  is  known  at  all 
elevations  up  to  about  5000  feet,  at  which  it  occurs  in  the  Carpathians. 

4th.  The  peculiar  shape  of  every  large  body  of  Loess,  as  it  is 
recognized  where  erosion  has  cut  gorges  through  it  down  to  the 
underlying  ground  without  obliterating  the  original  features  of  the 
deposit.  These  are  different  according  to  the  hilly  or  level  character 
of  the  subjacent  ground.  In  hilly  regions  the  Loess,  if  little 
developed,  fills  up  depressions  between  every  pair  of  lower  ridges, 
and  in  each  of  them  presents  a  concave  surface  ;  but  where  it  attains 
j^reater  thickness,  it  spreads  over  the  lower  hills,  and  conceals  the 
inequalities  of  the  ground.  Its  concave  surface  extends  then  over 
the  entire  area  sepamting  two  higher  ranges,  in  such  a  manner  as 
to  make  the  line  of  profile  resemble  the  curve  that  would  be 
produced    by  a   rope   stretched   loosely   between   the   two   ranges. 

'  I  met  with  it  in  China,  in  1870,  only  at  an  altitude  of  6000  feet,  and  this 
figure  is  given  by  Mr.  Iloworth  (p.  76)  erroneously  as  an  observation  of  Mr. 
Kingsmill  ;  in  18/1  I  found  thick  deposits  of  Loess  at  an  elevation  of  7000  feet  in 
Southern  Mongolia,  and  of  8000  feet  on  the  Wu-tai-shan  range  in  the  province  of 
Shansi. 
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This  shape  of  sarfaoe  is  precisely  similar  to  that  which  is  character- 
istic of  the  salt  steppes  of  Central  Asia.  It  must,  however,  be  re- 
marked that,  just  as  in  these,  the  development  is  frequently  unequal 
on  either  side  of  a  valley,  and  that  the  preponderance  of  the 
deposit  on  the  same  (f.  i.  the  westerly)  side  can  sometimes  be 
observed  in  each  basin  throughout  a  larger  region.  The  lowest 
portion  of  the  surface  of  larger  basins  is  frequently  taken  up  by 
stratified  soil  consisting  of  the  finest  particles  of  Loess,  and  ex- 
hibiting a  strong  impregnation  with  alkaline  salts.  Over  table  lands 
and  plains  Loess  is  spread  in  the  shape  of  most  uniform  sheets. 

5th.  The  composition  of  pure  Loess,  which  is  the  same  from 
whatever  region  specimens  may  be  taken,  extremely  fine  particles 
of  hydrated  silicate  of  alumina  being  the  largely  prevailing  in- 
gredient, while  there  is  always  present  an  admixture  of  small 
grains  of  quarts  and  fine  laminae  of  mica.  It  contains,  besides, 
carbonate  of  lime,  the  segregation  of  which  gives  origin  to  the  well- 
known  concretions  common  to  all  deposits  of  Loess,  and  is  always 
impregnated  with  alkaline  salts.  A  yellow  colouring  matter  caused 
by  a  ferruginous  substance  is  never  wanting. 

6th.  Tlie  almost  exclusive  occurrence  of  angvlar  grains  of  quarts 
in  the  pure  kinds  of  Loess. 

7th.  The  complete  absence  of  stratification.  To  this  must  be 
added  the  singular  position  of  the  laminae  of  mica.  When  these 
are  deposited  by  water,  they  are  arranged  horizontally  and  ac- 
cumulated in  separate  layera,  while  in  Loess  they  are  distributed 
without  any  order,  and  occur  in  everj'  possible  position. 

8th.  The  capillary  structure  caused  by  the  occurrence  of  innumer- 
able tubes,  mostly  incrustated  with  carbonate  of  lime,  which  have 
generally  a  vertical  position,  and  ramify  downwards  like  the  roots 
of  grass.  Where  Loess  is  covered  by  vegetation,  the  tubes  may  be 
seen  taken  up  by  rootlets  to  the  depth  of  a  foot  or  a  few  feet 
from  the  surface.  In  this  internal  structure,  besides  the  mode  of 
occurrence,  is  founded  the  chief  difference  of  Loess  from  ordinary 
loam.  The  former  may  be  designated  as  a  kind  of  calcareous  loam 
provided  with  internal  structure. 

9th.  The  tendency  to  vertical  cleavage,  which  is  the  immediate 
consequence  of  the  two  last-named  properties. 

lOtb.  The  fact  that  land  shells  are  imbedded  in  immense  numbers 
throughout  the  Loess,  and  that  the  most  delicate  shells  are  perfectly 
preserved.  Fresh-water  shells  are  of  extremely  rare  occurrence,  as 
has  been  correctly  pointed  out  by  Mr.  Howorth. 

1 1th.  Tlie  great  quantity  of  bones  of  mammals  found  in  the  Loess, 
the  genera  and  mostly  the  species,  or  the  next  relatives,  of  which 
are  known  to  abound  at  present  in  steppes  and  on  grassy  plains. 
Herbivorous  animals  are  represented  as  well  as  carnivorous  preying 
on  the  former. 

12th.  llie  fact  that  wherever  Loess  fills  a  basin  between  hills, 
the  inclined  slopes  of  these  are  covered  by  angular  fragments  of  the 
adjoining  rock,  on  which  the  yellow  soil  rests.  Layera  of  these 
l^ilginen^Jhl^^uing  with  a  slight  inclination  and  then  passing  into 
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an  horizontal  position,  extend  from  the  bill-sides  for  some  distance 
into  the  aooumulation  of  the  Loess  itself,  separating  it  in  the 
neighbourhood  of  the  encasing  slopes  into  layers  of  varying  thick- 
ness, while  towards  the  central  portion  of  each  large  basin  this 
separation  ceases  almost  completely,  and  the  soil  is  very  homo- 
geneous from  top  to  bottom,  even  in  those  instances  where  the 
vertical  thickness  is  1500  feet  and  more. 

It  is  perfectly  evident  that  no  theory  starting  from  the  hypo- 
thesis of  the  deposition  of  Loess  by  water  can  explain  all  or  any 
single  one  of  these  properties.  Neither  the  sea  nor  lakes  nor  rivers 
could  deposit  it  in  altitudes  of  8000  feet  on  hill-sides.  Origin  from 
water  is  perfectly  unable  to  explain  the  lack  of  stratification,  the 
profuse  existence  of  capillary  tubes,  the  vertical  cleavage,  the  pro- 
miscuous occurrence  of  grains  of  quartz,  the  angular  shape  of  these, 
the  confused  position  of  the  laminas  of  mica,  the  imbedding  of  land 
shells,  and  of  bones  of  terrestrial  mammals. 

There  is  but  one  great  class  of  agencies  which  can  be  called  in 
aid  for  explaining  the  covering  of  hundreds  of  thousands  of  square 
miles,  in  little  interrupted  continuity,  and  almost  irrespective  ot 
altitude,  with  a  perfectly  homogeneous  soil.  It  is  those  which  are 
founded  m  the  energy  of  the  motions  of  the  atmospheric  ocean 
which  bathes  alike  plains  and  hill-tops.  Too  little  weight  has  been 
granted  hitherto  by  geologists  to  these  agencies,  and  yet  there  is  no 
other  which  has  contributed  in  a  greater  measure  to  determine  and 
to  modify  the  character  of  the  surface  of  any  portion  of  the  ground 
after  its  emergence  from  the  sea,  and  to  predestinate  wide  regions 
for  the  existence  of  certain  kinds  of  plants  and  animals,  and  for  the 
modes  of  nomadic  or  agricultural  life  of  mankind. 

Wherever  dust  is  carried  away  by  wind  from  a  dry  place,  and 
deposited  on  a  spot  which  is  covered  by  vegetation,  it  finds  a  resting- 
place,  and  may  be  washed  off  and  carried  farther  away  by  the  next 
rain,  if  the  ground  is  sloping,  or  it  may  be  joined  to  the  soil  if  the 
ground  is  fiat  or  slightly  inclined.  If  these  depositions  are  repeated, 
the  soil  will  gradually  grow.  At  the  same  depth,  therefore,  to 
which  the  deepest  rootlets  of  the  grass  of  to-day  are  descending,  the 
soil  may  have  had  its  surface  centuries  ago.  Eemains  of  the  past,  such 
as  buildings  and  entire  cities,  may  in  this  way  have  been  entombed 
by  dust,  provided  that  plants  were  growing  on  its  deposits,  and  could 
secure  a  resting-place  to  all  further  supplies  of  atmospheric  sediment. 

In  regions  where  the  rains  are  equally  distributed  through  the  year, 
little  dust  is  formed,  and  the  rate  of  growth  of  the  soil  covered  with 
vegetation  will  be  exceedingly  small.  But  where  a  dry  season 
alternates  with  a  rainy  season,  the  amount  of  dust  which  is  put 
in  motion  and  distributed  through  atmospheric  agency  can  reach 
enormous  proportions,  as  is  witnessed  by  the  dust  storms  which  in 
Central  Asia  and  Northern  China  eclipse  the  sun  for  days  in  succes- 
sion. A  fine  yellow  sediment  of  measurable  thickness  is  deposited 
after  every  storm  over  large  extents  of  country.  Where  this  dust 
tails  on  barren  ground,  it  is  carried  away  by  the  next  wind ;  but  wher^ 
it  falls  on  vegetation,  its  migration  is  stopped. 
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In  rainless  deserts  the  wind  will  gradaally  remove  every  particle 
of  iiue-grained  matter  from  the  soil,  though  a  new  supply  of  this 
may  constantly  be  provided  by  the  action  of  sandblast.  The  sedi- 
ments of  desiccated  lakes,  the  soil  which  is  laid  bare  by  the  retiring 
of  the  sea,  the  materials  which  are  carried  down  by  periodical 
torrents  from  glaciated  regions  to  desert  depressions,  the  particles 
which  on  every  free  surface  of  rock  are  loosened  by  constant 
decay — all  these  will  be  turned  over  again  and  again  by  the  wind, 
and  undergo  an  incessant  sifting,  until  every  earthy  grain  is  blown 
off  and  nothing  but  moving  sand  and  wind-worn  pebbles  remain. 

The  dust  may  travel  4^reat  distances,  and  if  the  wind  during  the 
dry  portion  of  the  year  blows  constantly  in  one  direction,  that 
distance  will  increase,  while  the  deposition  of  aK)lian  sediments  will 
be  cumulative  in  places  situated  in  the  same  direction.  If  the  dust 
is  deposited  on  mountain  ranges  endowed  with  considerable  fall  of 
rain  and  drainage  towards  the  sea,  it  will  be  finally  carried  to  this 
reservoir. 

There  are,  however,  chiefly  two  great  classes  of  places  where  the 
dust  of  continents  will  rest  permanently,  and  continue  to  accumulate 
through  ages. 

The  first  are  what  may  be  termed  the  central  regions  of  continents, 
that  is,  those  regions  where,  notwithstanding  some  rain  which  chiefly 
falls  in  one  season  of  the  year,  the  water  has  no  drainage  towards  the 
sea,  but  is  collected  in  inland  basins  from  which  it  evaporates.  This 
is  the  case  in  the  Great  Basin  of  North  America,  in  Persia,  and  in 
Central  Asia,  from  the  Pamir  to  the  Khingan  range,  and  from  the 
Himalaya  to  the  Altai.  The  prevailing  vegetation,  independ*»ntly  of 
altitude,  is  that  of  the  salt  steppe.  Grass  and  herbs  take  hold  of  the 
dust,  whilst  the  debris  that  collects  slowly  on  the  hill-sides  is,  by 
very  slow  gradations,  washed  down  the  slopes  by  occasional  rains,  and 
will,  if  there  happens  to  occur  a  })eriod  of  heavier  rainfall,  be  spread 
over  a  portion  of  the  surface  of  the  steppe,  giving  rise  again  to  the 
growth  of  vegetation,  which  in  its  tuni  takes  hold  of  the  falling 
dust.  In  this  way  the  dust  will  accumulate  slowly  but  constantly 
through  ages  on  those  portions  of  the  surface  which  are  covered  by 
vegetation.  In  the  course  of  time  it  may  reach  a  thickness  of 
hundreds  and  perhaps  of  thousands  of  feet.  The  salts  resulting 
from  the  decomposition  of  the  rocks,  and  carried  partly  through  the 
air  together  with  the  dust,  and  partly  by  water  down  the  hill-sides, 
will  remain  in  the  soil,  and  collect  chiefly  in  salt  pools  situated  in 
the  lowest  portions  of  each  basin,  where,  at  the  same  time,  stratified 
soil  is  deposited.  As  the  surface  which  bears  the  vegetation  is  by 
slow  degrees  rising  to  a  higher  level,  the  tubes  in  the  soil  which 
contained  the  roots  of  former  generations  will  retain  their  shape. 
The  land-shells  which  feed  on  the  steppe  and  withdraw  to  some 
depth  underneath  the  surface  in  seasons  of  drought  or  cold  will  he 
entombed  where  they  die,  and  the  most  delicate  shells  will  be  pre- 
served. The  same  will  be  the  case  with  the  bones  of  mammals  and 
birds  living  on  the  steppe,  the  dryness  of  the  climate  preventing 
the  decay  of  any  organic  matter,  as  well  as  the  formation  of  vegetable 
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mould,  which  would  be  created  in  a  moist  climate  through  the  decay 
of  the  organic  matter. 

In  this  way  the  deepest  valleys,  the  wildest  gorges,  and  the 
largest  depressions  in  und rained  regions  may  be  gradually  filled  up 
with  the  deposits  of  dust,  interchanging  near  the  encasing  slopes 
with  the  angular  debris  of  rocks,  but  increasing  in  homogeneousness 
of  composition  and  structure,  and  in  freedom  from  any  foreign 
ingredients  towards  the  central  portions  of  each  basin.  The 
inequalities  of  the  ground  will  disappear,  the  lower  hills  will  be 
buried,  and  the  surface  of  the  steppe  will  have  a  trough-like  shape 
between  every  two  protruding  rocky  ranges.  If  then,  in  con- 
sequence of  a  lasting  change  of  climate,  such  a  basin  should 
gradually  be  filled  with  water,  and  an  outward  drainage  be  opened, 
erosion  would  soon  furrow  deep  channels  through  the  earthy  deposit 
and  expose  its  interior  structure ;  the  fine  tubes  marking  the  site 
of  the  roots  of  countless  generations  of  plants,  the  remains  of  the 
shells  that  had  fed  on  the  grass,  and  the  bones  of  the  mammals  that 
have  lived  on  the  steppe  would  become  visible ;  and  the  earth  so 
exposed  would  be  what  is  called  Loess. 

Such  was  the  line  of  argument  which  I  founded  on  the  study  of 
the  Chinese  Loess.  I  concluded  that  the  same  regions  where  the 
traveller  of  the  present  day  moves  between  stupendous  walls  of 
yellow  earth,  and  gazes  with  daily  renewed  wonder  at  the  fantastic 
shape  of  rocks  of  earth  produced  by  erosion;  where  millions  of 
people  live  in  caves  dug  in  the  vertical  faces  of  the  Loess,  while 
on  its  terraced  surface  they  cultivate  fields  which  are  highly  pro- 
ductive in  wet  summers,  and  terribly  barren  when  moisture  is  not 
supplied  in  sufficient  quantity — that  these  same  regions,  through 
which  the  Yellow  River  and  its  tributaries  now  take  their  courses, 
were  once  covered  with  dreary  steppes  only  fit  for  nomadic  life,  and 
had  no  drainage  towards  the  sea. 

I  had  soon  an  opportunity  of  verifying  the  theory  by  a  visit  to 
Mongolia,  where  I  saw  precisely  what  my  experience  in  the  Loess 
regions  had  caused  me  to  expect,  namely,  the  very  same  shape  of 
surface  which  I  had  observed  in  these,  a  steppe  vegetation  growing 
upon  an  impalpably  fine  earth  mixed  with  grains  of  sand,  and 
accumulations  of  the  debris  of  rocks  at  the  foot  of  the  hill-sides. 
But  in  no  place  could  I  see  the  inner  structure  of  the  soil  exposed 
to  view.  Proceeding,  however,  to  the  boundaries  of  the  undrained 
region,  where  the  drainage  of  some  marginal  basins  had 'begun,  but 
the  channels  of  erosion  were  still  shallow,  the  first  sure  signs  of 
true  Loess  made  their  appearance  on  the  side  of  every  natural  cut 
in  the  ground.  From  this  first  stage  of  the  conversion  of  steppe 
basins  into  Loess  basins,  all  grades  of  passage  to  the  wildesi  and 
most  grotesque  landscapes,  where  the  Loess  was  exposed  to  view  in 
a  thickness  of  a  thousand  feet,  could  be  observed  in  rapid  succession. 

It  appears  to  me  that  the  thtHjry  answers  all  requirements  as 
regards  the  Chinese  Loess,  in  so  far  as  it  easily  explains  all  its 
properties  and  every  incident  in  the  mode  of  its  occurrence.  It 
oombines,  moreover,  into  one  class  of  natural  processes  two  kinds 
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of  phenomena,  which,  although  they  are  almost  the  reyene  of  each 
other  in  regard  to  their  outward  appearance  and  the  conditions  thej 
aflford  to  human  existence,  are  closely  allied  in  nature  in  respect  to 
their  geographical  distribution.  It  need  only  be  noticed  that  the 
salt  steppes  of  Central  Asia  are  surrounded  on  all  sides  by  Loess 
regions.  The  chief  difficulty,  when  the  theory  was  first  advanoed, 
was  the  want  of  a  sufficient  source  whence  the  enormous  amounts  of 
dust  required  by  it  could  have  had  their  origin.  But  the  problem 
has  since  been  resolved  in  a  most  ingenious  and,  as  I  beUevey  satis- 
factory way  by  Mr.  Raphael  Pumpelly.* 

There  exist,  besides  the  undrained  salt  steppe,  regions  of  a  some* 
what  different  kind,  which  serve  as  permanent  resting-places  to  the 
subaerially  deposited  dust.  They  are  sufficiently  distinct  fixim  the 
former  class  of  places  of  deposition  to  be  styled  a  second  class  of 
these,  although,  as  a  matter  of  course,  there  must  be  a  series  of 
gradations  connecting  both.  To  this  seoond  class  belong  those  wide 
grass-covered  plains  which  are  known  by  the  names  of  prairies, 
savannas,  llanos,  pampas,  steppes  of  Southern  Bussia  and  Siberia, 
etc.  They,  too,  are  subjected  to  the  alternation  of  a  dry  and  a  wet 
season.  They  are  distinguished  from  the  drainless  salt  steppe  by 
their  level  surface  and  by  the  fact  that  they  are  crossed  and  partly 
drained  by  larger  rivers,  the  origin  of  which  lies  almost  exclusively 
beyond  their  boundaries.  Some  of  these  regions  are  very  moist 
in  the  wet  season,  and  bear  a  luxuriant  vegetation  of  grass  and 
flowering  herbs,  but  dry  up  completely  during  the  rest  of  the  year. 
The  rate  at  which  the  growth  of  soil  takes  place  will  depend  upon 
the  character  of  the  adjoining  regions  from  which  the  winds  prevail- 
ing in  the  dry  season  remove  the  loose  soil.  It  can  no  longer  be 
doubted  that  the  **  black  earth  "  of  Southern  Bussia  is  growing  in  this 
way,  and  I  am  inclined  to  the  same  opinion  with  regard  to  the  ''Begur" 
of  India.  The  black  colour,  which  is  proper  to  the  uppermost 
layer  only,  appears  to  result  solely  from  the  formation  of  v^etable 
mould,  the  deeper  portions  showing  the  brown  colour  of  the  Loess, 
together  with  its  structure,  although  this  appears  to  be  less  perfect 
than  in  the  former  ctise.  The  bones  of  mammals  will  probably  be 
badly  preserved  in  this  soil,  because,  in  consequence  of  the  ample 
rains  and  the  slow  rate  at  which  the  soil  grows,  they  will  partly 
decay  before  being  perfectly  covered  up.  This  may  not  necessarily 
apply  to  those  land  shells,  the  animals  of  which  die  underground, 
at  their  places  of  refuge. 

Another  difference  from  the  steppes  of  the  first  class  must  be 
produced  by  the  circumstance  that  the  salts  will  be  removed,  in 
part,  by  the  water  which  percolates  the  soil  and  takes  its  way  to 
the  river  channels. 

When,  after  my  return  to  Europe,  I  commenced  to  study  more 
closely  than  I  had  done  in  former  time  the  Loess  of  this  continent^ 
its  |>erfect  similarity  in  regard  to  composition,  structure,  and  mode 
of  occurrence  with  that  of  Asia,  could  not  fail  to  strike  me  forcibly, 
and  led  me  irresistibly  to  the  conclusion  that  it  must  have  been 

^  Amer.  Joxim.  of  Science  and  Arts,  vol.  xvii.  1879,  p.  138. 
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formed  by  the  same  process  of  long-oontinued  subaerial  deposition 
of  dust  on  steppes  as  that  of  the  eastern  continent,  and  the  argu- 
ments which  I  had  applied  to  this  appeared  to  me  to  be  no  less 
valid  for  the  Loess  regions  of  North  and  South  America. 

The  Loess-covered  portions  of  Europe  extend,  as  is  well  known, 
from  the  Pyrenees,  the  Alps,  and  the  Balkan  in  the  south  to 
Belgium,  the  North  German  plains  and  Poland  in  the  north,  and 
from  southern  France  in  the  west  to  beyond  the  limits  of  the 
continent  in  the  east.  Every  portion  of  this  entire  region  must 
have  had  the  character  of  a  steppe  during  a  sufficient  length  of 
time  to  allow  the  deposit  to  be  formed  in  at  lecist  such  thickness 
as  we  observe  at  present.  This  thickness  increases  on  an  average 
as  we  proceed  from  north-west  to  south-east  It  appears  that, 
while  east  of  the  Alps  the  beginning  of  the  steppe  era  may  have 
been  of  earlier  date,  it  commenced  in  Oalicia,  Germany  and  France 
during,  or  shortly  after,  the  time  of  most  extensive  glaciation,  and 
that  one  or  the  other  kind  of  steppe  was  formed  on  the  ground  of 
the  moraines  as  they  were  gradually  laid  bare  by  the  retiring  of  the 
lowland  glaciers.  When  Europe  had  its  north-western  limit  beyond 
the  present  bathymetrical  line  of  one  hundred  fathoms,  and  the 
summit  line  of  the  Alps  was  at  greater  elevation  than  at  present, 
a  continental  climate  must  have  prevailed  such  as  is  the  prime 
condition  for  the  formation  of  steppes,  and  it  is  probable  that  these 
had  then  their  widest  extent  in  a  north-westerly  direction.  It  would 
lead  me  too  far  now  to  explain  why  it  appears  that  the  conditions 
of  climate,  vegetation  and  animal  life  prevailing  north  of  the  Alps, 
after  having  gone  through  a  stage  resembling  that  of  the  tundras, 
must  have  been  intermediate  in  character  between  those  existing 
at  the  present  time  in  Siberia  and  those  prevailing  in  Southern 
Russia,  while  various  evidence  goes  to  show  that  farther  south- 
east, in  the  Hungarian  and  Roumanian  basins,  there  was  no  drainage 
to  the  sea,  and  the  steppes  of  these  countries  resembled  those  of  the 
drainless  regions  of  Asia. 

Gradually,  when,  with  the  renewed  intnisiou  of  the  sea  upon  the 
land,  the  continental  climate  of  Central  Europe  was  converted  into  an 
oceanic  climate,  the  change  progressing  slowly  in  the  direction  from 
north-west  to  south-east,  the  growth  of  the  Loess  ceased  in  the 
north-west,  while  it  still  continued  in  the  south-east.  Even  now 
the  soil  is  growing  where  it  is  covered  by  vegetation  and  sheltered 
from  erosion.  But  the  process  is  extremely  slow  and,  with  the 
exception  of  Southern  Russia,  is  no  longer  regional,  places  of 
subaerial  deposition  being  scattered  among  others  of  erosion. 

At  the  same  time  when  I  published  these  arguments  regarding  the 
mode  of  origin  of  the  Loess  of  Europe,  Dr.  Nehring,  of  Wolfen- 
biittel,  came  in  the  course  of  his  admirable  researches  on  the  bones 
found  in  the  Loess  of  Northern  Germany  to  the  well-known  result, 
that  the  mammals  which  lived  there  at  the  time  of  the  formation 
of  that  earth  were  identical  with,  or  nearly  related  to,  those  which 
are  living  now  on  the  steppes  of  Arctic  regions,  as  well  as  in  Siberia 
and  Central  Asia,  and  he  concluded,  that  Germany  must  then  have 
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had  the  character  of  a  steppe,  and  been  Biibjected  to  a  climate 
similar  to  that  which  prevails  at  present  in  western  Siberia. 

Thus,  Dr.  Nehring,  who»  at  that  time,  had  no  knowledge  of  mj 
researches,  was  led  through  the  study  of  the  fossil  remains  to 
precisely  the  same  conclusion  regarding  a  limited  region  in  Europe, 
at  which  I  had  arrived  with  respect  to  a  large  portion  of  the 
continent  by  arguing  on  the  structure  and  mode  of  ooourrenoe  of 
the  Loess.  Since  then,  the  oontinue<l  studies  of  the  bones  of  mam- 
mals contained  in  the  Loess,  which  have  been  made  by  Dr.  Nehring 
and  others,  have  yieldeil  an  overwhelming  amount  of  evidence 
in  the  same  direction,  and  have  enabled  us  to  extend  the  first 
conclusions  to  the  whole  of  Germany,  including  the  Bhine  valley, 
Bohemia,  and  the  vicinity  of  Vienna,  and  also  to  Hungary. 

1  believe  I  am  correct  in  stating  that,  among  those  who  have 
had  extensive  experience  in  Loess  regions,  all  who  have  pronounced 
an  opinion  of  late  years  are  agreed  that  subaerial  deposition  is 
the  only  mode  of  origin  by  which  all  its  peculiar  features  can 
be  easily  explained.  Besides  Mr.  Baphael  Pumpelly,  who  knows 
the  Loess  of  Asia  and  North  Ameri(»,  I  mention  chiefly  Dr.  Emil 
Tietze,  of  Vienna,'  who  studied  it  in  Persia  and  Galicia,  and  the 
late  Professor  Earl  Peters,  of  Gratz,  who  has  probably  examined 
a  greater  extent  of  Euro])ean  Loess  regions  than  any  other  geologist, 
and,  like  Pumpelly,  had,  previous  to  1877,  advocated  an  aqueous 
origin  as  strongly  as  he  afterwards  did  the  subaerial.  The  cele- 
brated M.  von  Middendorff  has  lately  changed  his  views  in  a  similar 

way.' 

According  to  the  subaerial  theory  as  here  pointed  out,  two  different 
climatic  stages  are  rcMjuired  for  the  formation  of  the  typical  Loess 
regions,  the  first  of  them  marked  by  a  continental  and  generally  dry 
climate,  during  which  the  soil  accumulated,  the  other  distinguished 
by  an  increase  in  the  fall  of  rain,  in  consequence  of  which  the  soil 
was  furrowed  by  the  erosive  power  of  water  and  the  steppe  basins 
were  converted  into  Loess  basins.  It  is  obvious  that  the  conditions 
afforded  for  the  existence  of  plants  and  animals  and  for  the  mode  of 
life  of  mankind  must  have  been  almost  the  reverse  of  each  other  in 
either  of  the  two  stages,  and  that  their  change  in  time  corresponded 
exactly  to  their  change  in  space,  as  witnessed  at  present  by  the 
traveller  when  he  descends  from  the  Mongolian  salt  steppes  with  their 
uniform  vegetation,  their  animals  peculiarly  adapted  to  a  roving  kind 
of  life  and  their  nomadic  and  unagncultural  people,  to  the  Loess  basins 
of  China,  the  characteristic  feature  of  which  consists  in  the  labyrinthic 
ramification  of  very  narrow  gulches  cut  in  the  yellow  soil  to  very 

»  Jnhrhuch  der  K.  K.  geolog.  Reichsanfitalt  in  "Wlen,  1877,  pp.  341-371:  and 
more  fully  txplninc-d  in  the  same  journal  for  1882,  pp.  111-1*19.  This  last  notice, 
which  is  Of  great  importance,  came  to  my  knowledge  after  writing  the  present 

article. 

2  Mem.  de  VAcad.  Imp.  des  Sc.  de  St.  Petersbourg,  t.  xiix.  1881.  It  appears 
that  Mr.  W.  T.  lilaufonl  has  also  adopted  the  theory  of  the  subaerial  origin  of  the 
dt?positfi  filling  up  undrained  inland  basins  (see  l*rocetd.  R.  Geogr.  Soc.  1881,  p.  79), 
and  Mr.  Clarence  King  inforniK  me  bv  letter  that  he  ardently  adTocates  the  same 
mode  of  origin  regarding  the  Loess  regions  of  the  Mississippi  basin. 
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great  depth  and  with  perfectly  vertical  faces.  It  is  this  character  of 
sarfaoe,  together  with  the  fact  of  the  exis^noe  of  a  drainage  at  low 
level  and  the  removal,  hy  it,  of  the  soluble  salts,  which  causes  the 
remarkable  contrast  between  the  features  of  Northern  China  and  those 
of  Mongolia.  Vegetation  offers  there  a  far  greater  vaiiety  of  forms  ; 
those  animals  which  are  accustomed  to  roving  on  the  boundless  steppe 
cannot  exist  where  the  greatest  possible  unevenness  of  the  soil  is 
the  distinctive  mark;  and  man  is  simply  forced  to  adopt  in  the 
Chinese  Loess  regions  a  settled  and  agricultural  mode  of  life,  drained 
Loess  being  of  all  kinds  of  soil  best  adapted  for  the  cultivation  of 
cereals,  while  the  innumerable  recesses  and  naturally  fortified  posi- 
tions afford  him  shelter  and  safety. 

It  seems  hardly  necessary  to  observe,  how  important,  on  account  of 
this  mode  of  origin,  the  occurrence  of  Loess  is  to  the  study  of  the 
causes  of  the  present  distribution  of  plants  and  animals.  The  peculiar 
climatic  conditions  prevailing  during  the  time  of  its  accumulation, 
and  the  physical  features  of  the  regions  covered  by  it  must  have 
influenced  migration  and  variation  in  a  considerable  measure,  and  it 
is  far  from  improbable  that  the  habits  of  life  and  the  migrations  of 
primitive  man  over  large  portions  of  Europe  and  Asia  have  been 
directed  by  the  same  causes.  It  must  be  added  that  a  slight 
deterioration  of  the  climate  is  sufficient  to  change  the  steppe,  and 
chiefly  the  drainless  salt  steppe,  into  the  most  arid  desert,  and  to 
cause  the  emigration  of  man  and  animals. 

I  have  given  this  expose  a  greater  length  than  I  intended.  It 
will  refute,  without  any  further  discussion,  the  objections  which 
Mr.  Ho  worth  has  raised  against  the  theory  of  the  subaerial  origin 
of  the  Loess.,  as,  e.g. :  that  subaerial  deposits  such  as  this  are  nowhere 
being  formed  now  (p.  16)  ; — that  it  is  incredible  that  subaerial 
deposits  should  have  been  deposited  at  a  height  of  6000  feet  and 
to  the  depth  of  1000  feet  (p.  76) ; — that  the  subaerial  theory  treats 
the  problem  as  a  local  Chinese  problem,  while  it  ignores  that  the 
Loess  has  to  be  accounted  for  in  Europe  as  well  as  in  China 
(p.  76) ; — that  it  cannot  be  understood  how  shells  and  animal 
debris  could  be  carried  by  the  wind  (p.  76) ; — that  the  means 
would  be  inadequate  to  the  end,  as  clay  would  not  be  acted  upon 
by  the  wind  (p.  77,  after  Kingsmill) ; — that  the  chemical  com- 
position of  the  Loess  does  not  correspond  with  that  of  the  inorganic 
elements  of  plants  growing  on  its  surface ; — that  there  is  no  known 
means  by  which  these  inorganic  matters  could  have  been  supplied 
from  the  atmosphere ; — that,  although  silica  might  have  been  con- 
veyed by  the  medium  of  dust  storms,  no  way  can  be  seen  how  the 
silicate  of  alumina  could  be  conveyed ; — that  there  is  no  evidence 
of  the  ramifying  tubes  having  their  origin  in  the  roots  of  plants ; — 
that  the  Loess  is  devoid  of  organic  substances; — that  Loess,  if 
subaerially  deposited,  should  be  different  in  composition  according 
to  the  subjacent  rock  and  could  not  be  equal  everywhere. 

After  having  attempted  to  set  aside,  on  these  grounds,  the  theory 
of  the  subaerial  origin  of  the  Loess,  which,  evidently,  was  known 
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to  him  by  name  only,  but  never  by  the  argamente  on  which  it  rests, 
Mr.  Ho  worth  proceeds  to  expose  his  own  hypothesis.  Like  that  of 
his  predecessor  Dr.  Hibbert  Ware,  of  1832,'  it  is  boldly  founded  on 
the  supposition  of  cataclysmic  events  of  tremendous  magnitude. 
But  while  Dr.  Hibbert,  who  had  with  regard  to  the  occurrence  of 
the  Loess  the  limited  knowledge  of  his  time,  was  satisfied  with  one 
event,  namely  a  great  flood,  Mr.  Howorth,  to  whom  the  whole 
amount  of  the  present  knowledge  of  the  subject  was  accessible,  pre- 
supposes two  stages.  The  first  was  marked  by  a  vast  volcanic  out- 
pouring of  "  subterranean  mud,"  while  in  the  second  this  mud  was 
"  largely  steeped  in  floods  of  water,"  and  "  mixed  witb  the  ingre- 
dients of  the  superficial  bed  over  which  it  poured."  The  mud  was 
thereby  spread  over  large  extents  of  country,  mammals  and  shells 
were  imbedded  in  it,  and  the  entire  mass  was  deposited  without 
stratification,  although  the  flood  must  have  reached  up  to  at  least 
5000  feet  in  Central  Europe,  and  to  80<K)  feet  in  China,  overwhelm- 
ing, as  must  be  supposed,  almost  the  whole  extent  of  two  continents. 
A  similar  event  should  have  drowned  simultaneously  the  two 
American  continents  and  annihilated  almost  all  beings  living  above 
the  level  of  the  sea.  Granted,  however,  the  flood,  it  is  by  no 
means  easy  to  understand  its  character,  as  its  author  is  opposed 
to  the  aqueous  origin  of  the  Loess,  whether  it  be  marine,  or 
lacustrine,  or  fluviatile.  It  might  be  supposed  that  the  flood  consisted 
altogether  of  erupted  mud,  but  we  are  not  told  why  it  did  not  leave 
a  homogeneous  sheet  spread  over  the  entire  continent  up  to  a  few 
thousand  feet,  nor  how  it  happened  that  the  deposits  we  do  find  from 
this  supposed  flood  occur  in  those  regions  only  where  the  conditions 
of  a  continental  climate  have  prevailed  and  do,  in  the  greatest  part, 
prevail  to  this  day ;  nor  do  we  learn  the  reasons  why  the  Loess 
differs  completely  in  composition  and  structure  from  all  known  kinds 
of  volcanic  mud  ancient  or  modem,  or  how  it  is  that  the  supposed 
fissures  from  which  the  enormous  masses  of  muddy  volcanic  rock 
poured  forth  were  rent  at  very  great  distance  from  the  regions  of  the 
main  distribution  of  the  Loess,  and  at  a  time  when  volcanic  energy, 
which  had  been  most  violent  in  the  Tertiary  age,  was  (at  least  in  the 
regions  in  question)  in  its  very  last  and  dying  stage. 

1  do  not  believe  that  any  geologist  will  seriously  take  the  trouble 
to  argue  against  these  fanciful  views.  It  is  strange  that  the  same 
deposit  which  bears  testimony  in  itself  of  having  been  formed  in 
the  slowest,  the  most  quiet  and  undisturbed  manner  that  can  be 
imagined,  should  be  considered  the  product  of  events  grander  and 
more  violent  in  character  than  any  heretofore  devised  in  the  long 
history  of  unfounded  geological  speculation.  "Whoever  undertaken 
to  advance  a  theory  on  a  geological  subject,  should  first  observe,  and 
observe  again,  and  then  compare  his  own  results  with  what  has  been 
observed  by  others  in  other  parts  of  the  world.  If  the  author  of 
the  volcanic  theory  of  the  Loess  had  devoted  the  same  admirable 
industry,  with  which  he  has  studied  and  written  the  history  of  the 
Mongols,  to   the   personal   observation  of   the  soil  on  which   the 

^  This  theor}'  was  noticed  in  Chinas  vol.  i.  p.  162. 
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wanderings  and  warfare  of  that  people  did  very  prevailingly  take 
place,  and  which  from  their  original  seat  in  Central  Ada  and  their 
imperial  city  of  Ehanbaligh  spread  to  the  west  of  Europe ;  if  he 
had,  besides,  taken  the  trouble  to  make  himself  acquainted  with  the 
arguments  of  the  existing  theories  respecting  the  mode  of  origin  of 
this  soil  before  undertaking  to  put  them  aside ;  and  if  he  had  for  a 
moment  considered  from  a  geological  point  of  view  a  few  of  the 
concomitant  circumstances  required  by  his  own  theory,  he  would 
hardly  have  ventured  to  adopt  views  which  could  be  pronounced  at 
an  early  and  rather  low  stage  of  geological  science,  but  are  long  since 
abandoned,  and  he  would  never  have  added  to  them  suppositions 
which  bear  the  character  of  the  infancy  of  that  science.  If  there 
is  any  subject  to  which  the  theory  of  Mr.  Ho  worth  may  be  applied, 
it  is,  in  a  figurative  way,  the  history  of  the  Mongols.  The  crowds 
in  which  they  appear  suddenly  on  the  stage  resembles  the  outpouring 
of  volcanic  matter  from  a  hidden  source,  and  the  flood  of  them 
which  soon  inundated  immense  regions,  "  mixed  with  the  ingredients 
over  which  it  poured,"  may  indeed  be  compared  to  the  action  of  a 
sweeping  wave.  But  the  laws  which  govern  the  movements  of 
mankind  have  but  a  very  distant  relation  to  those  which  can  be 
discerned  in  the  changes  of  the  physical  conditions  of  the  surface  of 
the  globe.  F.  Babon  Bighthofem. 

Bonn,  May,  1882. 

IIT. — Traces  of  a  Great  Post-Glacial  Flood. 

3.  The    Evidence    of    the   Valley    Terraces. 
By  H.  H.  HowoRTH,  F.S.A. 

11HE  Terraces  which  are  so  conspicuous  in  many  valleys  of 
Western  Europe,  and  have  been  largely  studied  in  France  and 
Britain,  have  given  rise  to  a  great  deal  of  discussion.  The  polemics 
which  they  have  suggested  have  been  not  merely  about  details, 
but  about  fundamental  principles,  and  it  is  these  fundamental 
principles  which  are  still  unsettled  and  awaiting  a  solution.  In 
England  at  all  events  it  may  be  said  that  every  solution  which  is 
current,  and  there  are  many,  fails  to  meet  the  facts,  and  the  majority 
of  them  are  singularly  suggestive  of  the  dangers  of  Deductive 
methods  of  reasoning.  So  long  as  we  start  with  a  mere  scholastic 
premise  that  Uniformity  of  action  is  the  only  method  pursued  by 
Nature,  and  having  thus  committed  ourselves,  try  to  bring  the  facts 
within  this  rigid  rule,  so  long  are  we  necessarily  inspiring  our 
witnesses  with  the  answer  we  wish  them  to  give  us,  and  so  long 
shall  we  experience  inevitable  disappointment  when  some  obstinate 
fact  refuses  to  submit  to  our  self-imposed  rule.  We  shall  in  the 
following  examination  of  the  problem  entirely  discard  this  a  priori 
theological  method  of  discussion,  and  lean  to  whatever  conclusion 
the  facts  themselves  impose  upon  us.  We  must  necessarily  begin 
with  a  somewhat  elementary  position. 

A  river  as  a  mechanical  agent  performs  two  entirely  opposite 
kmds  of  work  upon  its  own  channel.     Where  its  fall  is  great  and 
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its  flow  rapid,  it  act«  as  a  sooaring  agent,  carriDg  oot  a  deeper  and 
deeper  channel.     Where  its  fall  is  slight  and  its  flow  gentle,  if  it  be 
in  any  way  charged  with  solid  materials,  it  performs  the  opposite 
part,  namely,  it  deposits  material  in  its  own  channel,  and  tends  to 
raise  it     In  both  cases  the  great  mass  of  the  prodncts  of  denudation 
are  no  donbt  carried  seawards  and  deposited  as  a  delta  or  otherwise ; 
but  in  regard  to  a  certain  proportion,  this  is  not  so.     The  Rhine  \b 
a  very  good  example  of  what  we  mean.     In  its  npper  reaches,  and 
again  in  the  defiles  of  the  Seven  mountains,  where  it  is  "throttled,'' 
to  use  an  expressive  Lancashire  word,  its  rapid  and  boisterous  course 
no  doubt  makes  it  a   more  or  less  potent  denuding  instrument 
Above  and  below  the  defile  just  named,  where  its  course  is  slow 
and  its  fall  slight,  it  is  constantly  raising  its  own  bed.  and  forming 
a   kind  of  natural  aqueduct     The  consequence  is  that   presently 
its  flow  is  in  places  above  the  level  of  the  surrounding  country,  and 
has  to  be  carefully  banked  and  dyked,  and  that  it  has  at  various 
times  broken  loose  and  found  itself  a  fresh  channel  in  the  wide 
valley,   a  process   which   has   been  often   repeated.     The  fact  is 
familiar  enough  in  the  case  of  the  Lower  Rhine,  and  a  graphic 
picture  of  its  effects  in  the   upper   waters  of  the  river  may  be 
seen   in   Reclus's  volume  on   the   Geography  of  Central  Europe, 
recently  published,  Map  139.     The  same  thing  is  familiar  also  in 
the  case  of  the  Lower  Thames  and  Trent     All  this  is  elementary 
enough,  but  the  corollary  which  naturally  follows  from  it  is  not  so 
generally  accepted,  or  rather  is  too  often  ignored.     A  river  cannot 
possibly  do  both  kinds  of  work  at  the  same  time  upon  the  same  part 
of  its  channel.     It  cannot  at  the  same  time  act  as  a  scouring  agent 
and  as  a  depositing  one.     The  two  kinds  of  work  are  absolutely 
antagonistic,  and  we  may  certainly  lay  it  down  as  an  Inductive  Law 
that  periods  of  destruction  and  periods  of  deposition  cannot  be  con- 
tenn)oraneou8  in  the  same  river-bed.     lliis  law  seems  to  be  very 
much  overlooked  in  some  of  the  current  theories  about  the  origin 
of  river  valleys.     Professor  Ramsay,  in  a  well-known  paper  on  the 
Physical  History  of  the  Valley  of  the  Rhine  (Joum.  Geol.  Soa  vol. 
XXX.  p.  81,  etc.),  says,  **  There  is  good  reason  for  the  belief  that  the 
whole  of  that  part  of  Germany  which  is  now  the  valley  of  the  Rhine 
between  Basel  and  Mainz  was  once  filled  with  Miocene  strata,  the 
l)reci8e  thickness  of  which  is  to  me  unknown."     He  then  goes  on 
to  argue  that  a  thickness  of  from  300  to  500  feet,  and  probably 
more,  has  been  removed  by  denudation.     When  these  strata  were 
deposited,  he  urges,  the  drainage  of  the  country  was  not,  as  now, 
from  south  to  north,  but  the  other  way,  and  the  level  of  the  whole 
country  was  very  much  lower.     He  then  argues  that  a  great  disloca- 
tion took  place,  causing  the  upheaval  of  large  tracts  in  the  Alpine 
district,  by  which  the  whole  drainage  was  remodelled.     It  was  at 
this  juncture  that  the  Rhine  as  a  river  commenced,  on  Professor 
Ramsay's  view,  its  history.     **  The  upper  valley  of  the  Rhine,"  he 
says,  '*  was  at  that  time  filled  by  a  river  of  ice  which,  joined  with 
others,  covered  the  valley  more  than  half-way  from  Schaffhausen  to 
Baseli  while  from  its  western  edge  and  end  the  liquid  river  followed 
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its  present  general  direction,  hemmed  in  between  the  Jura  (or  rather 
the  northern  continuation  of  the  rocks  of  the  Jura)  on  the  south  and  the 
lower  hills  of  the  Schwartzwald  that  bounded  the  river  on  the  north. 
Its  level  must  then  have  been  higher  than  now  in  this  part  of  the 
channeV^  He  again  says  further  on  that,  ''allowing  the  Miocene 
strata  of  Mainz  to  have  attained  a  height  of  500  feet  above  the  level 
of  the  present  plain,  there  may  still  have  been  a  fall  in  the  river 
channel  on  the  surface  of  the  ancient  plain  of  more  than  300  feet 
between  Basel  and  Bingen,  the  present  fall  being  631  feet." 
He  concludes  that  the  present  Rhine  valley  has  been  excavated  by 
the  present  Rhine  *' wandering  through  the  long  inclined  plain  of 
Miocene  rocks  between  Basel  and  Bingen,  and  thus  by  degrees 
lowering  the  surface  level  through  the  ordinary  processes  of  watery 
erosion,"  and  explains  in  this  way  the  occurrence  of  the  stratified 
banks  of  gravel  at  various  levels  above  those  of  the  more  modem  river 
terraces,  and  also  the  occurrence  of  the  Loess,  which  he  identifies  as 
"only  river  mud  of  a  comparatively  ancient  date,  and  perhaps  of 
glacial  origin,"  being  found  at  many  different  levels  on  the  slopes 
that  flank  the  Rhine  valley,  from  200  feet  above  the  river  between 
Herholz  and  Ettenheim  down  to  the  level  of  the  Rhine  itself  at 
Eltville.  **  As  the  river  by  degrees  lowered  the  level  of  the  plain, 
it  left  its  finer  detritus  at  these  and  many  other  levels."  Assuredly 
this  theory  is  most  extraordinary  in  many  respects,  and  it  is  not 
surprising,  that  it  has  failed  to  gain  acceptance.  If  the  Rhine 
between  Basel  and  Mainz  is  not  at  present  an  instrument  of 
denudation,  but  the  reveree,  how  can  we  suppose  that,  when  its 
fall  was  little  more  than  one-half  what  it  is  now,  and  its  flow 
correspondingly  slight,  it  should  have  been  so,  to  the  enormous 
extent  of  sweeping  away  several  hundred  feet  of  strata  and  carving 
out  the  wide  valley  through  which  it  flows? 

Again,  if  the  gravel  and  Loess,  which  line  its  flanks  and  occur  in 
places  down  to  its  very  level,  were  deposited  by  its  waters  as  river 
mud,  how  could  the  nver  at  the  same  time  have  been  doing  the 
work  of  destruction? 

Again,  if  this  vast  mass  of  Miocene  strata  was  bodily  removed 
by  the  action  of  the  river,  where  is  the  debris  ?  It  is  true  that  the 
flats  of  Holland  are  to  a  considerable  extent  delta  deposits ;  but  they 
are  much  too  small  to  account  for  the  vast  mass  of  materials  that 
should  somewhere  be  forthcoming.  Again,  how  is  it  that  in  these 
delta  deposits  in  Holland  or  in  the  Loess  itself  we  should  find 
nothing  pointing  to  their  having  been  the  products  of  denudation 
of  Miocene  strata  ?  We  should  assuredly  have  found  abundant 
evidence  of  Miocene  life  in  a  rolled  and  broken  condition  both  in 
the  Loess  and  in  the  superficial  deposits  of  Holland,  if  this  had  been 
so ;  but  nowhere  is  this  the  case. 

On  the  other  hand,  as  we  claim  to  have  shown  in  a  previous 
paper,  the  Loess  is  in  no  sense  a  river  deposit.  In  structure, 
contents,  and  disposition  its  origin  is  most  clearly  marked  as  being 
other  than  fluviatile,  and  the  suggestion  that  it  is  so,  could  hardly 
have  been  made  if  it  had  been  remembered  that  the  lio^^^  \&  tioX* 
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merely  found  in  the  valley  of  the  Bhine,  but  over  a  mooh  widai 
area  independent  of  the  drainage  of  the  oountry.  Again,  Profeaaoi 
Bamsay  speaks  of  the  Rhine  at  first  ooonpying  the  whole  vallej 
from  the  Jura  to  the  BUok  Forest,  without  explaining  how  sook 
a  gigantic  river  oould  have  existed  at  all  in  »this  part  of  Eiuopa 
"What  area  did  it  drain,  whenoe  did  it  derive  its  supply  of  water? 
Unless  the  whole  of  the  water-shed  were  entirely  di&rent^  and  oi 
a  vastly  different  scale,  it  is  incredible  whenoe  sudi  a  volume  of 
water  as  would  be  required  to  fill  the  whole  breadth  of  the  BhiDft 
valley  between  its  limiting  buttresses  of  mountain  oould  have  beet 
derived ;  but  there  are  other  and  more  direct  objections  aninst  tlie 
theory/ which  have  been  formulated  by  Sir  Charles  Lyell,  Mr.  BaU 
and  others.  Mr.  Belt  has  brought  a  number  of  these  objeotions  to 
a  focus,  and  it  will  not  be  inopportune  to  quote  what  he  says,  whiok 
is  mainly  based  on  Lyell's  own  inductions.  He  says,  "  The  Imp 
rests  on  previously  deposited  beds  of  graveL  At  Wurzbeig  thii 
gravel  lies  at  only  a  slight  elevation  above  the  level  of  the  liTtfi 
and  Dr.  Sandberger  informed  me  that  it  goes  down  to  atloiit 
50  feet  below  it  Here  then  the  vallev  must  have  been  excavated 
below  its  present  depth  to  allow  of  the  deposition  of  the  giavel 
which  preceded  that  of  the  Loess.  Near  Basel  the  older  gravd 
rests  directly  against  the  steep  slopes  of  the  rocks  bounding  the 
valley,  proving  again  that  the  latter  had  been  excavated  long  befoie 
the  deposition  of  the  Loess  commenced.  At  Mosbach  the  gravebi 
oontaining  an  older  fauna  than  that  of  the  Loess,  though  above 
the  level  of  the  river,  are  yet  several  hundred  feet  below  the 
altitude  the  Loess  attains  to."  The  continuity  and  distribution 
of  the  Terraces  point  the  same  moral.  Formerly  it  was  supposed 
that  the  Upper  and  Lower  Terraces  differed  in  oontents  and  in  age; 
but  assuredly  Mr.  Tylor's  most  exhaustive  researches  showed  thii 
view  to  be  untenable.  He  seems  to  me  to  have  proved  that  in 
texture  and  in  contents  (shells,  bones,  and  palseolithic  implements) 
the  Terraces  belong  to  precisely  the  same  geological  horizon.  He 
has  shown,  I  think,  in  the  case  of  the  Valley  of  the  Somme,  thai 
there  are  not  two  valley  terraces  of  distinct  age,  the  upper  od( 
being  older  than  the  lower,  but  that  the  deposits  are  continuous 
''on  gradual  slopes  from  the  higher  to  the  lower  levels  in  th( 
valley,  except  in  rare  cases  or  isolated  spots,  where  the  continnitj 
is  interrupted  or  prevented  by  some  outstanding  piece  of  the  origins 
rock  out  of  which  the  valley  had  been  originally  cut,  in  whici 
case  the  gravel  wraps  round  the  base  of  the  upstanding  knoll  o 
chalk." 

Two  of  the  conclusions  which  he  urges,  and  which  I  think  ar 
irrefragable,  are — 

''  1.  That  the  surface  of  the  chalk  in  the  valley  of  the  Somme  ha< 
assumed  its  present  form  prior  to  the  deposition  of  any  of  the  grave 
or  Loess  now  to  be  seen  there,  and  in  this  respect  corresponds  witl 
all  other  valleys  in  which  Quaternary  deposits  of  this"*  character  ar 
met  with. 

'*2.  That  the  whole  of  the  Amiens  valley  gravel  is  of  one  formatioi 
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d  of  similar  mineral  character  and  contains  nearly  similar  organic 
ntents,  the  La  Neuville  Moulien   and   St  Acheul  gravels  being 

the  same  age,  and  capped  with  a  covering  of  Loess  also  of  one 
;e  and  mineral  character,  the  whole  deposit  being  of  a  date  not 
uch  antecedent  to  the  historical  period"  (Journ.  Geol.  Soc.  vol. 
civ.  pp.  104-5). 
In  every  way  the  position  urged  by  Professor  Ramsay  is  viewed 

seems  to  fail  to  explain  the  facts,  and  I  doubt  if  any  one  is  to  be 
und  who  would  now  support  it.  Lyell's  own  words  may  best 
im  up  what  seems  the  inevitable  conclusion,  ''The  main  body  of 

e  Loess in  the  valley  of  the  Bhine,  as  in  the  case  of  the 

isin  of  the  Sorame,  was  deposited  in  a  wide  and  deep  pre-existing 
Lsin  or  strath,  bounded  by  lofty  mountain  chains  such  as  the  Black 
3rest,  Vosges  and  Odenwald"  (Antiquity  of  Man,  p.  378).     What 

true  of  the  Bhine  is  true  of  the  other  river  valleys  of  Western 
arope,  notably  the  Seine,  the  Somme,  and  the  Thames.  The  same 
ass  of  evidence  is  forthcoming  in  all  these  cases  which  makes  it 
most  if  not  universally  accepted  now  that  the  carving  out  of  the 
lUeys  through  which  these  rivers  pass,  however  effected,  was  not 
>n tempo raneous  with,  but  antecedent  to,  the  deposition  in  them 
'  the  various  superficial  deposits  containing  the  remains  of  the 
!ammoth  and  his  companions. 

Having  disposed  of  this  cardinal  factor  in  the  problem,  we  must 
)w  turn  to  another.  Lyell,  in  affirming  that  the  valley  of  the 
bine  had  been  carved  out  before  the  deposition  of  the  Loess,  went 
L  to  urge  that  the  deposits  of  Loess  occurring  on  its  flanks  at  a 
tnsiderable  height  show  that,  after  it  bad  been  carved  out,  the 
lUey  was  once  more  filled  up  with  Loess  to  that  height,  and  that 
hat  remains  is  the  undenuded  edge  on  either  side  of  a  vast  mass  of 
oess,  the  rest  of  which  has  been  worn  down  by  the  river.  This  is 
)parently  the  view  held  by  Professor  Prestwich  in  regard  to  the 
rraoed  gravels  and  loams  of  the  other  French  rivers  and  of  the 
haraes  Valley.     The  position  is  well  stated  by  Lyell  himself : 

*'  The  position  of  the  Loess  between  Basle  and  Bonn  is  such  as  to 
iply  that  the  great  valley  of  the  Bhine  had  already  sicquired  its 
'esent  shape  and  in  some  places,  perhaps,  more  than  its  actual  depth 
id  width,  previously  to  the  time  when  it  was  gradually  filled  np  to  a 
eat  extent  with  fine  loam.  The  greater  part  of  this  loam  has  been 
nee  removed,  so  that  a  fringe  only  of  the  deposit  is  now  left  on  the 
inks  of  the  boundary  hills  or  occasionally  some  outliers  in  the  middle 
'  the  great  plain  of  the  Rhine  where  it  expands  in  width  "  (Antiquity 
•  Man,  p.  374). 

In  regard  to  this  theory,  and  others  like  it,  involving  gigantic 
mudation  as  a  postulate,  I  cannot  avoid  saying  that  they  put  a  strain 
)on  our  credulity  in  a  way  which  is  rather  trying.  It*  is  the 
shion  now  to  suppose  that  we  can  make  any  demands  upon  Eternity 
B  please,  and  invoke  the  operation  of  any  cause,  however  stupend- 
18  in  its  operation,  if  we  only  grant  that  the  work  was  done  slowly. 
e  consequently  have  a  perpetual  appeal  made  to  millions  of  years, 
d  to  denudations  of  thousands  of  feet,  as  jauntily  as  if  it  were  not  in 
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many  cases  really  hiding  our  want  of  a  good  reason  behind  a  paendo- 
scientific  instead  of  a  theological  deus  ex  machina,  which  imposes 
just  as  great  a  feeling  of  awe,  nay  almost  of  consternation,  upon  the 
crowd  as  the  older  and  now  discredited  appeal.  Assuredly,  it  is  a 
foolish  thing  to  shrink  from  any  postulate,  however  vast,  when  it  is 
the  only  one  that  explains  the  facts ;  but  just  as  certainly  is  it  the  best 
course  in  such  discussions  as  these  to  invoke  the  simplest,  and  to  dis- 
card the  most  complicated  machinery  for  doing  any  work  which  we 
have  to  explain.  Take  the  present  case.  We  are  to  believe  that 
rivers  which  at  the  present  moment,  except  at  certain  critical  points, 
are  not  excavating  their  channels,  but  are  actually  raising  them  hy 
the  deposition  of  material  along  their  courses,  have,  when  they  flowed 
much  higher  than  at  present,  and  when  therefore  their  currents  were 
much  slower  and  less  destructive,  swept  out  and  scoured  enormous 
valleys  once  filled  up  to  several  hundred  feet  with  loams  and  gravels, 
etc.,  which  same  loams  and  gravels  were,  according  to  the  same 
authors,  deposited  in  these  very  valleys  by  the  same  rivers.  How  is 
the  mechanical  problem  to  be  solved  at  all  in  this  fashion  ? 

Again,  where  has  all  the  material  gone  ?  Where  are  the  deltas  at 
the  mouth  of  the  Somme  and  the  Seine  whose  gigantic  size  would  at 
once  explain  where  all  this  material  has  disappeared  to?  Assuredly 
these  are  very  proper  questions  to  put,  but  they  are  not  all.  In  the 
midst  of  the  Rhine  valley,  near  Freiburg,  is  the  well-known  volcanic 
pyramid  called  the  Kaizerstuhl,  which  is  covered  with  Loess.  How 
came  this  there?  how  is  it  that  it  was  not  swept  away  (for  it  is 
largely  composed  of  pumice  and  ashes),  when  the  river  was  carving 
out  the  Rhine  valley?  and  even  if  its  volcanic  nucleus  was  able  to 
resist  the  water,  how  comes  it  that  the  soft  mantle  of  Loess  enveloping 
its  flanks  was  nut  torn  ofif  ?  for  it  will  be  noted  that  such  an  obstacle 
as  this  mountain,  standing  in  the  midst  of  the  river,  would  offer  a 
tremendous  buttress  to  its  waters  and  be  swept  clean  of  all  loose 
materials.  What  is  true  of  the  Kaizerstuhl  is  true  of  other  old 
volcanos  in  this  district,  of  which  Mr.  Belt  pertinently  says : — "The 
most  ardent  advocate  of  the  theory  that  the  Loess  has  been  left  by 
the  river  while  it  ran  at  higher  levels  will  not,  I  think,  suggest  that 
the  volcanic  cones  have  been  carved  out  by  it,  and  yet  excepting  on 
that  supposition  their  theory  falls  to  the  ground"  (ojp.  cit.  p.  80). 

Again,  as  a  matter  of  mere  mechanics,  the  question  presents  a 
series  of  difficulties.  If  the  valleys  were  filled  up  to  the  height 
of  the  upper  terraces  with  loam,  gravel,  etc.,  and  the  river,  flowing 
on  the  top  of  this,  occupied  the  whole  breadth  of  the  valley,  and 
was,  consequently,  much  more  full  of  water  than  at  present,  whence 
did  the  supply  of  water  come  ?  what  are  the  meteorological  condi- 
tions which  would  induce  such  a  flow  from  such  a  restricted  water- 
shed ?  It  is  said  that  the  upper  parts  of  the  valleys  were  then  filled 
with  glaciers,  and  that  ice  was  very  abundant,  and  was  in  fact  a 
great  agent  in  twisting  the  beds  of  soft  deposit  and  in  moving  the 
large  stones  which  occur  in  these  beds.  With  such  conditions,  how 
were  the  Ficm  carica  and  the  Hippopotamus,  etc.,  to  live?  But 
granting  the  existence  of  such  glaciers,  they  would  not  suffice  to 
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furnish  such  a  volnme  of  water  as  would  fill  the  wide  valleys  from 
one  limit  to  the  other.  If,  on  the  other  hand,  the  rivers,  as  they 
are,  scooped  out  the  valleys  by  a  continuous  process  of  denudation, 
we  are  landed  on  the  boms  of  a  dilemma.  In  the  first  place,  they 
are  not  now  destructive  of  their  beds,  but  conservative ;  and  suppose 
we  could  postulate  the  contradictory  postulate,  that  a  conservative 
river  would  become  destructive  when  flowing  at  a  higher  level, 
we  cannot  conceive  how  a  river  which  has  scooped  out  a  furrow 
in  a  wide  valley  through  which  it  flows  can  break  through  its 
banks,  and  cut  another  furrow  elsewhere,  until  it  has  ploughed  the 
whole  valley.  Rivers  that  change  their  channels  are  those  which, 
like  the  Yellow  River,  deposit  largely  in  their  own  beds,  and  raise 
themselves  above  the  level  of  the  surrounding  country.  Those 
which  run  in  a  furrow  cannot  overleap  their  own  channels. 

In  the  forty-fifth  volume  of  Silliman*s  Journal,  second  series,  is  a 
valuable  paper  by  Dr.  E.  Andrews,  of  Chicago,  on  the  deposits  in  the 
Somme  valley,  etc.  Although  I  cannot  agree  in  the  use  he  makes 
of  ice  in  explaining  these  deposits,  I  am  anxious  to  quote  the 
following  paragraph,  as  stating  the  case  well  against  those  who 
urge  that  the  river  terraces  are  merely  the  fringes  of  a  former 
continuous  deposit.  He  says :  "  The  valley  of  the  Somme  is  over 
a  mile  and  a  half  at  the  top,  while  the  present  river  does  not 
appear  to  exceed  fifty  feet  in  breadth.  It  is  safe  to  say  that  the 
present  stream,  spread  over  the  whole  valley,  would  not  be  half  an 
inch  deep,  and,  making  all  probable  allowance  for  spring  floods,  it 
is  wholly  inadequate  to  the  production  of  gravel  beds  containing 
pebbles  larger  than  a  man's  head,  and  boulders  weighing  a  ton. 
This  valley  presents  none  of  the  characteristics  of  those  which  are 
widened  by  the  meandering  of  a  shifting  narrow  stream,  now 
widening  this  bank  and  now  that  It  is  broad,  level  floored,  and 
parallel  banked  "  (op,  ciL  p.  184).  In  every  way  the  problem  is 
viewed  Sir  Charles  Lyell's  solution  of  its  difficulties  seems  to  fail. 

We  have  reached  this  point,  therefore,  that  the  valley  terraces 
are  not  the  debris  of  denudation  left  by  the  present  rivers,  either  in 
carving  out  the  present  valleys  from  their  original  matrix,  or  in 
recarving  them  after  they  had,  as  Lyell  and  others  suppose,  and  as 
we  believe  without  due  warrant,  been  refilled  with  soft  deposits. 

fTo  be  continued.) 


IV. — Supplement  to  a  Chapter  in  the  History  op  Meteorites. 

By  Walter  Flight.  D.Sc,  F.G.S. 
{CoHiinued from  p.  219.) 

1877,  December  26th,  8  a.m.— Between  Hohr  and  Ballendar,  near 

Goblentz. 

A  correspondent  of  the  "Coblenzer  Zeitung,"  dating  from  "  Hohr, 
27th  December,"  writes  that  on  the  preceding  day  two  meteorites  fell 
near  the  road  leading  to  the  former  frontier,  in  the  direction  of  Bal- 
lendar, and  that  the  fall  was  attended  by  a  very  characteristic  explo- 
sion.    The  editor  of  the  above  journal  has  been  unable  to  gather  an^ 
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farther  particulars  of  the  oocnrrenoe  beyond  the  fact  that  the  stones 
fell  in  a  wood,  and  could  not  be  discovered. 

1877. — Casey  County,  Georgia.^ 

A  fragment  of  this  iron  in  the  Vienna  Collection  is  stated  by  the 
writer  to  exhibit  broad  and  very  regular  Widmanstattian  figures. 
The  beam-iron  averages  2  mm.  across ;  this  iron  is  almost  exclusively 
developed,  with  unusually  sharp  lines  of  etching.  Band  and  inter- 
stitial iron  are  only  present  in  traces,  and  schreibersite  and  troilite 
are  not  recognizable. 

1878,  July  16th,  245  p.m.— Tiesohits,  in  Moldayia.* 

A  stone  fell  at  this  date,  with  the  usual  accompanying  noise,  within 
100  paces  of  some  people  whose  attention  was  directed  by  a  child 
four  years  of  age  to  a  small  dark  cloud,  from  which  a  peculiar  and 
increasing  noise  proceeded.  This  cloud  was  suddenly  seen  to  become 
incandescent,  but  in  no  very  high  degree,  and  the  noise  became  still 
more  intense  when  a  body  was  seen  to  fall  from  the  cloud.  The 
stone  was  warm  when  found.  The  noise  was  heard  about  the  neigh- 
bourhood two  miles  around.  The  stone  was  secured  and  sent  on  the 
29th  to  the  Museum  of  the  Technical  High  School,  of  Brunn.  The 
meteor  appears  to  have  passed  over  Daubrawic  and  Sloup,  and  the 
path  to  have  been  dii*ected  from  azimuth  108,  altitude  40%  or  from  an 
apparent  radiant  in  H.A.  68°,  N.  declination  40°. 

One  stone  only  was  found,  and  all  search  for  other  specimens  of 
the  fall  was  in  vain,  llie  stone  weighs  27*5  kilogrammes,  and  has 
the  form  of  an  irregular  pyramid  with  an  almost  square  base. 

The  entire  surface  is  covered  with  a  black  crust,  in  places  of  about 
the  thickness  of  that  covering  the  stones  which  fell  at  Pultusk  ;  on  the 
large  convex  side,  which  is  called  the  "breast- side,"  it  is  much  thinner, 
and  exhibits  a  radiated  character.  On  the  back  it  is  thicker  and 
rougher,  and  without  a  trace  of  the  radiated  structure.  The  "  breast- 
side  "  is  free  from  all  great  depressions,  while  the  others  show  them, 
due  probably  in  part  to  the  original  form  of  the  stone,  partly  to  the 
action  of  currents  of  air  on  the  melting  surface.  The  freshly  broken 
surface  of  the  stone  is  dull  ash-grey  in  hue,  darker  than  the  Pultusk 
stones,  the  texture  finer  and  more  sharply  marked  than  in  the  case 
of  most  of  the  chondrites.  We  see  many  small  dull  grey  or  dark- 
coloured  chondra,  and  splinters  and  fragments  of  the  same  kind, 
many  larger  dull  grey  chondra,  also  white  small  chondra  and  white 
fragments,  the  latter  far  fewer  than  the  former.  Between  them  an 
ash-grey  earthy  matrix,  and  very  few  yellow  metallic  lustrous  par- 
ticles. Most  of  the  dark  chondra  are  less  than  1  mm.  in  diameter, 
those  which  have  a  diameter  of  1  mm.  are  fewer,  and  there  are  occa- 
sional chondra  which  exceed  1  mm.  in  size ;  the  largest  one  had  a 
diameter  of  5  mm. 

*  A.  Brezina,  Sitzher.  Akod.  Wiss.  1880,  Ixxxii.  Oct.  part. 

'  Dcnkschrifie  der  math.  Nat urwnstnhchaf ten- Clause ^  Akad,  der  Wissensehafierit 
"Wien.  xx2dx.  November  21,  1878. 
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The  microscopio  examination  of  sections  of  this  meteorite  dis- 
played many  curious  features,  and  appears  to  confirm  the  views 
already  expressed  by  Professor  Tschermak  regarding  the  probable 
influenoes  which  have  taken  part  in  the  form  which  the  chondra  and 
other  inclosures  take. 

Some  chondra  presented  an  appearance  which  has  not  hitherto  been 
observed.  They  have  round  depressions,  which  point  to  a  plasticity 
of  the  chondra  during  contact/  as  if  the  spherules  which  form  the 
splintered  fragments  had  acquired  their  form  during  the  act  of  rub- 
bing. Others  again  have  projections  of  a  rounded  form,  or  an  almost 
pointed  end.  These  chondra  are  the  result  of  volcanic  eruptions  or 
explosion. 

Olivine. — Both  in  the  matrix,  and  in  many  chondra,  well-developed 
crystals  of  olivine  were  met  with.  They  have  the  same  crystalline 
form  as  the  olivine  in  basalt  Many  of  the  chondra  consist  of  indi- 
vidual crystals.  Many  crystals  have  cavities  inclosing  black  angular 
grains,  or  a  black  impregnation  of  the  crust,  or  black  slightly  trans- 
lucent spherules  or  inclosui*e8  of  **  glass  "  ;  some  exhibit  a  most  dis- 
tinct surface  of  the  inclosed  material. 

Bromite. — Barred  and  fibrous  individuals  of  a  brown  colour  are 
regarded  as  bronzite.  Some  of  the  barred  chondra  shown  in  the 
plate  accompanying  the  paper  of  Makowsky  and  Tschermak  arc  very 
perfectly  developed  and  very  curious.  Some  have  a  darker  border, 
others  a  lighter  rim.  In  these  chondra  also  the  inclosed  material 
already  referred  to  is  met  with. 

Enstatite. — Many  of  the  chondra  of  this  mineral  are  distinguished 
by  their  marked  foliated  structure,  and  specimens  of  such  are  shown 
in  the  plate.  Enclosed  "  glass "  is  also  found  in  them.  Many 
spherules,  and  fragments  of  spherules,  of  a  crystallized  mixture  of 
bronzite  and  olivine  or  of  enstatite  and  olivine,  were  noticed,  none 
however  of  a  crystallized  mixture  of  bronzite  and  enstatite,  and  it 
appears  therefore  as  if  this  meteoric  tufif  originated  from  two  sorts 
of  stony  mixtures. 

Angite. — A  few  small  chondra  with  a  compact  pale-coloured  crust 
have  a  texture  and  colour  which  differs  from  all  the  foregoing.  The 
entire  spherule  is  shown  by  polarized  light  to  be  one  individual ;  the 
crust  is  almost  colourless,  the  interior  has  a  brownish-green  hue. 
Their  reaction  with  light  points  to  their  being  augite. 

Magnetic  Pyrites  and  Nickel-iron. — Magnetic  pyrites  occur  as  grains 
inclosed  in  the  other  chondra  and  splinters  of  chondra,  as  well  as 
free  in  the  matrix.  The  nickel-iron  is  for  the  most  part  in  the  form 
of  irregular  particles  with  a  hackly  surface  in  the  matrix.  In  some 
of  the  spherules  both  magnetic  pyrites  and  nickel-iron  have  a  distinct 
concentric  arrangement. 

The  stone  of  Tieschitz  belongs  to  that  division  of  the  chondritio 
meteorites  which  Tschermak  some  years  since  classified  as  remark- 
able for  "many  brown  finely  fibrous  chondra.*'  The  specific  gravity 
of  the  stone  is  3*59.  It  contains  about  85'0  per  cent,  of  non-metallio 
minerals.  No  trace  of  any  mineral  resembling  a  felspar  could  be 
detected.    The  per-centage  composition  of  the  stone  was  as  follows : — 
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OUnne 

Bronzite 

and 
Enstatite 

Angite 

Magnetic 
Pyritea 

Nickel- 
iron 

Total 
Calcolated 

Total 
Analjns 

SiOj 

13*99 

18-84 

7-90 

^.^ 

^"" 

40-73 

40-21 

AljOa .  .. 

.^_ 

_ 

209 

— 

_ 

209 

1-93 

FeO  

13-86 

5-47 

0-73 

— 

— 

20-06 

19*80 

MgO 

10-94 

963 

0-61 

». 

— 

21-08 

20*66 

CaO 

_ 

—i. 

1-42 

— . 

» 

1-42 

1-64 

Na,0 j 

_^ 

_ 

1-26 

^— 

— 

1-26 

1-63 

Fe    ' 

^^ 

_^ 

^^ 

2-46 

7-97 

10-43 

10-26 

Ni    ... 

... 

_^ 

—^ 

1-31 

1-31 

1-31 

8 

— 

— 

1-62 

— 

1-62 

1-66 

88-79 

33-84 

1401 

4-08 

9-28 

100-00 

98-80 

or. 


Olivine 

Bronzite  and  enstatite ... 

Angite 

Magnetic  pyrites 

Nickel-iron 


•  • 


••• 
••  ••• 
••  •  •  • 


38-79 

33  84 

1401 

4-08 

9-28 

100*00 


1878.— Whitfield  Coonty,  Georgia.' 
A  fragment  in  the  shape  of  a  wedge  was  found  to  exhibit  Wid- 
manstattian  figures  of  average  size,  which  in  certain  places  by  the 
massive  development  of  schreibersite  were  broken  tiirough:  the 
band-iron  is  of  average  breadth,  the  interstitial  iron  distinguished  by 
its  unusual  dark  colour.  In  many  places  the  magnetite  fills  partings 
which  penetrate  from  the  natural  surface  to  a  depth  of  2  to  3 
centimetres  into  the  iron. 

1879,  May  10,  6  p.m. — Estherville,  Emmet  Co.,  lowa.^ 

This  curious  meteorite  fell  near  Estlierville  in  lat.  43°  3(y  N » 
long.  94°  6(y  W.,  within  that  region  of  the  United  States  which  has 
been  remarkable  for  falls  of  meteorites,  three  having  fallen  at  Rochester 
in  Indiana,  Cynthiana  in  Kentucky,  and  Wamngton  in  Missouri, 
within  the  space  of  a  month.  The  phenomena  attending  this  fall 
were  of  the  usual  character,  but  on  a  grander  scale.  It  occurred 
about  five  o'clock  in  the  afternoon  of  May  10,  1879,  with  the  sim 
shining  brightly.  In  some  places  the  meteorite  was  plainly  visible 
in  its  passage  through  the  air,  and  looked  like  a  ball  of  fire  with  a 
long  train  of  vapour  or  cloud  of  fire  behind  it ;  and  one  observer  saw 
it  one  hundred  miles  from  where  it  fell.  Its  course  was  from  N.W.  to 
S.E.  The  sounds  produced  in  its  course  are  described  as  being 
"  terrible "  and  "  indescribable,"  at  first  louder  than  the  loudest 
artillery,  followed  by  a  rumbling  noise,  as  of  a  train  of  care  crossing 
a  bridge.  Two  persons  were  within  two  or  three  hundred  yards  of 
the  spots  where  the  two  larger  masses  struck  the  earth.  There  were 
distinctly  two  explosions :  the  first  took  place  at  a  considerable  height 
in  the  atmosphere,  and  several  fragments  were  projected  to  different 
points  over  an  area  of  four  square  miles,  the  largest  going  farthest  to 

1  A.  Brezina.     Sitzber,  Akad.  Witt,  1880,  Ixxxii.  Oct.  part. 
'  J.  L.  Smith.    Amer,  Jour,  8c,  June,  1880,  xiz.  469. 
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:he  east.  Another  explosion  oocarred  just  before  reaching  the  ground, 
md  this  accounts  for  the  small  fragments  found  near  the  largest 
mass.  This  latter  fell  within  200  feet  of  a  dwelling-house,  at  a  spot 
where  there  was  a  hole,  six  feet  deep,  filled  with  water.  The  clay 
It  the  bottom  of  the  hole  was  excavated  to  a  depth  of  eight  feet 
^fore  the  meteorite  was  reached.  The  second  largest  mass  pene- 
trated blua  clay  to  a  depth  of  five  feet,  at  a  spot  about  two  miles 
listant  from  the  first  The  third  of  the  larger  masses  was  found  on 
the  23rd  February,  1880,  at  a  place  four  miles  distant  from  the 
Brst,  in  a  dned-up  slough.  On  digging  a  hole  the  stone  was  met 
with  at  a  depth  of  five  feet.  The  fragments  thus  far  obtained 
weigh  respectively  437,  170,  92^,  28,  lOJ.  4  and  2  pounds.  The 
lieight  of  the  meteor  is  calculated  to  have  been  40  miles,  and  its 
velocity  from  2  to  4  miles  per  second.  The  masses  are  rough  and 
knotted,  like  mulberry  calculi,  with  rounded  protuberances  project- 
ing from  the  surface  on  every  side.  The  black  coating  is  not  uniform, 
being  most  marked  between  the  projections.  These  projections  have 
sometimes  a  bright  metallic  surface,  showing  them  to  consist  of 
Qodules  of  iron ;  and  they  also  contain  lumps  of  an  olive-green 
mineral,  having  a  distinct  and  easy  cleavage.  The  greater  part  of 
the  stony  material  is  of  a  grey  colour  with  the  green  mineral  irregu- 
larly disseminated  through  it.  The  masses  vary  very  much  in 
density  in  their  different  parts ;  the  average  cannot  be  less  than  4*5. 
When  a  mass  is  broken  one  is  immediately  struck  with  the  large 
nodules  of  metal  among  the  grey  and  green  stony  substance ;  some 
of  these  will  weigh  100  grammes  or  more.  In  this  respect  this 
meteorite  is  unique  ;  it  differs  entirely  from  the  siderolites  of  Krasno- 
jarsk,  Atacama,  etc.,  or  the  known  meteoric  stones  rich  in  iron,  for  in 
Done  of  them  has  the  iron  this  nodular  character.  The  large  nodules 
of  iron  appear  to  have  shrunk  away  from  the  matrix  ;  an  elongated 
fissure  of  from  2  to  3  millimetres  sometimes  intervenes,  separating 
the  matrix  and  nodules  to  the  extent  of  one-half  the  circumference 
3f  the  latter.  The  only  mineral  which  could  be  picked  out  sepa- 
rately has  a  slightly  green  colour;  it  occurs  in  masses,  from  one 
half-inch  to  one  inch  in  size,  has  an  easy  cleavage  in  one  direction, 
and  was  found  to  be  olivine.  The  same  mineral  occurs  in  minute 
rounded  condition  in  other  parts  of  the  material;  and  minute,  almost 
colourless,  crystalline  particles  in  the  cavities  are  supposed  to  be 
dlivine.  Troilite  exists  in  small  quantity.  A  quantity  of  the  sili- 
cates was  picked  out,  separated  as  far  as  possible  from  iron,  and 
treated  with  hydrochloric  acid.  The  ratio  of  soluble  to  insoluble 
silicates  varies  very  much  in  different  parts  of  the  meteorite,  varying 
from  16  to  60  per  cent,  for  the  soluble  part.  The  insoluble  consisted 
of:— 


Oxygen. 

Silicic  acid      

5412 

...     29-12 

Iron  protoxide 

21-06 

...       4-67 

Chromium  oxide     

trace 

— 

Magnesia 

24-50 

...     9-80 

Soda  with  traces  of  K  and  Li 

•09 

...     0-023 

Alumina 

•03 

...     0-013 

99*29 
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This  is  evidently  the  bronzite  commonly  fonnd  in  meteorites. 
The  green  mineral  is  the  soluble  part  of  the  meteorite  ;  its  cleav- 
age in  one  direction  is  very  perfect ;  its  specific  gravity  is  3'3d ;  it 
has  a  hardness  of  almost  7,  and  is  readily  and  completely  decom- 
posed by  hydrochloric  acid.  On  analysis  it  was  found  to  have  the 
composition : —  Oxygen* 

Silicic  acid      41*50    22*18 

Iron  protoxide 14*21     3*12 

44-64     17-86 


>..         a. .         •••         ••• 


100-36 
The  mineral,  therefore,  is  olivine.  Dr.  L.  Smith,  who  has  ex- 
amined this  meteorite,  describes  a  third  silicate  which  is  opalescent 
and  of  a  light  greenish-yellow  colour,  and  cleaves  readily.  It  was 
a  difficult  matter  to  obtain  enough  of  the  silicate  for  analysis,  but  an 
examination  of  100  milligrammes  gave  the  following  numbers : 

Silicic  acid       49*60     26*12 

Iron  protoxide        16*78     3*60 

Magnesia 33*01     13*21 

98*39 

This  is  equivalent  to  one  atom  of  bronzite  and  one  atom  of  olivine, 
which,  he  says,  is  '^a  form  of  silicate  that  we  might  expect  to  find  in 
meteorites."  The  nickel-iron,  as  has  already  been  stated,  is  abundant, 
Sometimes  in  large  nodules  of  from  50  to  100  grammes.  It  displays 
the  Widmanstattian  figures  beautifullyi  and  possesses  the  following 
composition : 

Jl Xvl U    •••    •••    ••■    •••    •■*    •••    •••    •••    •■•    •••    V*'  V V X 


Nickel... 
Cobalt 
Copper 
Phobphorus 


7*100 

0*690 

...  Minute  quantity 
0112 


99-903 

A  careful  examination  for  felspar  and  schreibersite  was  made,  but 
with  a  negative  result. 

{To  he  continued.) 

V. — On  the  Classification  of  the  European  Kocks  known  as  [] 

Permian  and  Trias. 

By    the    Rev.    A.    Irving,    B.Sc,    B.A.,    P.G.S. ; 

Senior  Science  Master  of  Wellington  College. 

{Concluded  frofn  p.  278.) 

OF  the  fauna  of  the  Dyas  Credner  remarks  that  it  is  much  poorer 
than  that  of  Carboniferous  times,  and  with  the  exception  of  a 
few  reptiles  and  fishes,  limited  to  the  marine  formation  of  the  series. 
Of  all  the  lower  forms  Brachiopoda  are  by  far  the  most  prevalent,  and 
furnish  the  most  characteristic  and  most  widely  distributed  of  Zech- 
stein  remains.  Lamellibranchiata  assume,  however,  an  importance 
unknown  to  them  in  earlier  periods,  and  in  their  general  character 
tend  more  towards  Mesozoic  than  Palaeozoic  forms ;  he  even  suggests 
that  Schizodns  may  be  considered  the  *  precursor  (Vorlaufer)  of  the 
Trigonia.*     Gasteropods  are  limited  to  a  few  genera  and  20  species, 
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the  individuals  being  rare,  insignificant,  and  small.  Cephalopods  are 
fast  decreasing,  two  forms  only  occur  in  the  Zechstein,  and  a  very 
few  more  in  Kussia  and  America.  Trilobites  have  quite  disappeared, 
and  are  replaced  by  a  Cypridean  form  and  a  LimtUus  (?).  Fishes  are 
mostly  heterocercal  small-scaled  ganoids,  the  abundance  of  individuals 
being  enormous.  The  prevalent  forms  of  the  cold-blooded  Yertebrata 
have  taken  a  new  type  since  the  Carboniferous  period,  but  Thecodont 
Amphibians  have  vertebrae  still  biconcave  (as  in  fishes)  and  teeth 
set  like  those  of  the  Crocodile.  The  development  of  Heptiles  has 
made  an  important  advance  by  the  appearance  of  a  higher  type. 

The  German  Trtaa  is  poor  in  Cephalopods :  Nautilus  hidorsatus  is 
the  chief  representative  of  the  Nautilidse,  while  the  Ammonitidse 
have  gained  a  footing  in  the  form  Ceratitea,  Quite  otherwise  and 
manifold  is  the  character  of  the  Cephalopoda  of  the  Alpine  Trias, 
the  peculiarity  of  which  consists  in  the  assemblage  found  there  of  ^ 
Palseozoio  and  Mesozoic  types.  Fishes  of  the  Trias  are  partly 
heterocercal,  small-scaled  ganoids,  though  the  non-symmetry  of  the 
tail  is  less  marked  than  in  ganoid  forms  of  the  earlier  periods ;  the 
ossification  of  the  vertebral  column  has  also  greatly  progressed. 
True  osseous  fishes  do  not  as  yet  exist.  In  some  localities  ganoid 
scales  are  so  common  in  the  upper  strata  of  the  German  Bunter  that 
some  layers  of  the  sandstone  are  coloured  almost  black  by  them. 
Semains  of  the  oldest  known  mammal  belong  to  the  final  stage  of. 
the  Trias.  In  this  period  certain  Crinoids  (with  the  widely-distri- 
buted and  highly  characteristic  Encrinua  liliiformiBj  Lam.),  Bivalves, 
Cephalopods,  Reptiles,  and  Fishes  play  a  prominent  part. 

Comparative  Table  of  the  Organic  Remains  of  the  Dyas  and  Trias 

of  Germany  (after  Credner). 

DYAS.  TRIAS. 

FLORA. 
CauUrpiUs*  (fucoid) 

CalamUes  gigas^     

Annularia }  EQUISETACEi«. . 

Ast€rophyllites    


tree- 
ferns' 


/  Equisetum  armaceum^  (B  K). 
1  E.  columnar e  (K). 
j  E.  Lehmannianum  (K). 
\  Schizoneura  paradoxa  (B). 

Anomopferis,  with  A.  Mauggoti[B  K). 
Clathopteris^  with  C  Afunstenana(K). 
Gutbiera  (B). 

>  FlLlCES  i,  Sagenopteris  (B). 

Caulopteris  Voltzi  (B). 
TauiopicriSf  with  T.  vittata  (K). 
^  Pecopteris^  with  P,  StuttgartUnsis  (K). 

{  Pterophyllum  Jdgen  (K). 
I  Pt,  longifolium  (K). 

rvrAn.*'  J  ^'  Braunianum  (K). 

^^^^^^ ]  Zamites  (K).         ) 

I  Otozamites  (K).     ;  new  types. 
\^Pterozamites  (K) ) 
'''Albertia  elliptUa  (B). 
VoHzia  keterophylla  (B  K). 
Pallisya  (K)       j 
Tkuttes  (K)        >  new  genera. 
Palaoxyris  (K)  ) 

Ltpidodendron  is  rare,  Sigillaria  and  Stigmaria  almost  txtmcX  m\^<&\^^^&« 


Nmropteris 

Sphenoptcris 

AUthopteris 

Odontopteris 

Cyathntes 

Psaronarius* 

Tubicaulis^ 


Noggerathia 


Walchia  ... 
Ullmannia 


) 
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(V«y«re)... 
Calamvfera 
Alvi^Ua 


t  CCELENTBRATA.  . 


(Very  Hire) ANNULOID 

Fauiltlla  Tttiformit* PoLVZOA 


Crustacea    .. 


Sfirifira  HHdutala'    1 

Preductui  horridu^  [ 

^ropkahsia  Atorritiana*  ...  \ 
Camarvfiiaria  Scklelhami'   f 

Ttrtbratula  tlengat^    | 

Lingula  Cridntri* J 


mH 


Brachiopoda.. 


Sckiiatta  aiinina 

Avicula  ifdiiHcaria   ... 

Anailriata    ^  Lamelli- 

Myldui  tiaMtmanni  . . . 

(jcrvillia  ctralophaga... | 

Pulcn  puMlut    J 


.RkitotoralliMm  yantnM  (B). 
Eiurinus  liiii/ffrmii*  [M). 
E.  gratilu  (M). 
Asfidura  teultltata  (M). 

rnnphix  Sumri  (M), 
Esthftia<Hinula{Y.). 
Tmtralula  vulgaris  {M  K). 
T.  aHguslala  (M). 
r.  cyilfidu  (M). 

J  Spiriferitttt  fragilii  J       and  Alpine 
^  Spiri/tra  Mmlttii  I       Trial.) 

Sfiiri/^in,.  hir«M„  (M). 

RhyHckatuUa  Afcntuli  (MJ. 

R.  Jtfurtala  {U). 

Linpila  tamisiima  (K). 

Oiffia p/aeHHOuies  (M). 

/VvftH  Ufiga/m*  (M). 

P.diiHUs*  (M). 

Lima  ilriala*  aai  I.,  Una. 

Gfn-itlia  ixialis*  (M  K). 

Myophpria  -ivlgarh*  (M). 


(a(M). 


Chiicn S  Gasteropoda. , 

Natua I 

DtHlalium  J 


Nautitui... 
Otlhoceras 

Cyrtixtrai 


Amhlyplcius  macriipim 
Xtnaianlhus  Dtcheni 
AeaKlhsda  gracilis     ... 


is  (M). 


J/,.;,f;/..  ,■...■,, A,.   .M 
l'ni.'iin^.1-o,ipnti,{K). 
Dfnta/ium  Ime  (M). 
J7.  Inrjuatum  (M). 
uVatKa  grtgaria  (M). 
TurboHilla  scalata  (M). 
Nauldus  hidonatus  (M). 
CrraliUs  Hodoiui*  (M). 
C.  itmipatlitas,  C.  Bueki  (M). 
Rhynchatita  hirunda  (.M). 
,  CflHfAw-ijwfAHj  aviroiltu  (M). 
SiuwiMj'j(M  K). 
GyreUpis  (M  K). 
^rmienelMi  Birgtri  (K). 

^(^rft/H.  (M  K). 

Jfyl^us  fJiialdis  {M  K). 
C'hfiivlAtrium  (B). 


Mij, 


r<>A'm(K). 
r/i/.j  (M  K). 


Mammalia    ...      MitnlaUs  (K). 

•  Highly  cliaracleristic  of  the  DVAS  and  TRIAS  respectively. 

A  review  of  tlie  above  table  ehows,  (1)  That  of  the  jiora  of  the 
two  periods  there  is  not  a  smgle  gennt  of  any  importanoe  which  is 
known  to  range  through  both  eystems  (2)  That  of  the  fauna  only 
tliree  genera  of  Brachiopode,  two  genera  of  LaintllibranohiiiteB.  two 
genera  of  Qoateropods,  and  one  genus  of  Cephalopoda  c 
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oth  systems  are  known.  There  is  no  instance  of  even  a  genus 
3mmon  to  both  systems  among  the  important  classes  Ccelenterata, 
.nnuloida,  Crustacea,  Pisces,  Amphibia,  Keptilia,  Mammalia ;  and  of 
f  the  whole  fauna  it  has  yet  to  be  shown  that  there  is  a  single 
9eeie8  of  any  importance  which  ranges  upwards  from  the  Dyas  into 
le  Trias,  or  conversely. 

General  Condmione. 

1.  The  general  grounds  on  which  geologists  have  been  led  to 
raw  a  roagh  line  of  demarcation  between  the  Paladozoic  and 
[esozoic  Series  have  been  so  well  stated  by  Sir  C.  Lyell  in  Student's 
UementSj  that  it  is  needless  to  occupy  space  by  repeating  them  here. 
r,  however,  the  terms '  Palaeozoic '  and  *  Mesozoic '  are  justified  at  all 
or  the  use  of  the  more  comprehensive  term  '  Oainozoic '),  some 
mit  must  be  recognized  in  the  application  of  them ;  and  on  such  a 
rinciple  of  classification  as  is  implied  in  the  connotation  of  these 
)rms  it  is  clear  that  the  euceeeeion  of  li/e-forme  must  he  admitted  to 
e  of  primary  importance  as  evidence.  On  the  other  hand,  evidence 
btained  from  the  petrographical  character  or  stratigraphical  sequence 
f  the  strata  can  be  scarcely  regarded  as  of  more  than  secondary 
alue.     The  general  impression  left  upon  the  mind  is  that,  taken  as 

whole,  the  series  suggests  on  physical  grounds  the  idea  of  a  vast 
eriod  of  transition  from  the  more  strictly  Palsdozoic  to  the  more 
trictly  Mesozoic  condition  of  things,  yet  with  a  sufficiently  definite 
Teak  in  the  succession  of  life-forms  to  warrant  the  division-line 
leing  drawn  where  it  has  been,  provided  only  the  importance  of  it 
>e  not  exaggerated.  The  stratigraphical  evidence  in  favour  of 
grouping  them  together  is  strong,  so  far  as  Germany  and  some  areas 
n  Britain  are  concerned,  but  it  is  not  supported  by  the  lithological 
iharacter  of  the  Alpine  Trias ;  since  in  the  Alpine  regions  the 
Permians  are  only  very  doubtfully  represented  by  rocks  now  highly 
netaniorphosed,  while  the  Triassio  strata  are  almost  entirely  a 
luccession  of  manue  deposits.  The  numerous  organic  remains 
bund  in  the  latter  strata,  with  their  extraordinary  admixture  of 
Palaeozoic  and  Mesozoic  types,  warn  us  however  against  attaching 
00  much  importance  to  the  facts  presented  to  us  in  the  English  and 
!j^erman  areas  which  have  so  much  in  common ;  at  the  same  time 
he  palseontological  facts  connected  with  the  Alpine  Trias  support 
he  view  that  the  whole  series  is,  on  a  broad  and  comprehensive 
new,  one  of  transition.  If,  on  the  other  hand,  we  must  have  a 
lefinite  boundary-line,  it  is  very  difficult  (and  the  difficulty  increases 
mth  the  fuller  investigation  of  the  matter)  to  see  how  such  a  line 
sould  be  drawn  otherwise  than  as  it  has  been  drawn,  at  the  horizon 
recognized  in  Germany  as  the  boundary  between  the  Dyas  and  the 
Trias, 

2.  While  a  distinction  is  thus  recognized,  it  would  seem  that  it  has 
been  by  some  geologists  made  too  much  of,  and  its  importance 
perhaps  in  some  cases  exaggerated ;  and  this  has  led  to  attempts  to 
make  too  much  of  the  Permian  system,  to  construct  a  forced  and 
artificial  grouping  for  it  in  this  country,  by  including  within   it 
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certain  strata  which  are  better  regarded  as  members  of  the  systems 

*bove  or  below  it. 
3.  Since  there  is  (when  certain  unnatural  appendages  are  lopped 

of)  a  parallelism  between  the  English  Permian  and  the  German 
Djas,  while  such  a  parallelism  between  the  Russian  series  and  either 
the  German  or  the  English  cannot  be  established,  it  seems  that  the 
adoption  of  the  name  *  Permian  *  for  the  group  of  strata  known  by 
that  name  in  English  geology  has  been  unfortunate :  a  better  term 
by  which  to  designate  it  would  have  been  *  Post-Carboniferous ' 
(D.  '  Postcarbonisch  '),a  term  applied  to  the  group  by  good  writers 
Iboth  in  England  and  in  Germany.  Personal  esteem  for  the  illus- 
trious author  of  the  former  term  will  no  doubt  for  a  long  time 
oontinue  to  give  a  sentimental  preference  for  its  use  in  many 
quarters.  We  should  recollect,  however,  that  this  difficulty  does  not 
exist  among  the  younger  generation  of  geologists,  for  the  use  of 
whom  mainly  our  text-books  are  written.  In  a  science  like  geology, 
nomenclature,  and  in  particular  classificatory  nomenclature,  should, 
in  the  connotation  of  the  terms  used,  be  safeguarded  against  impli- 
cation even  of  what  may  afterwards  have  to  be  unlearnt. 

4.  Mutatis  mutandis  the  remark  last  made  applies  to  the  term 
'Trias.'  A  Triassic  order  (in  the  sense  in  which  the  term  is  under- 
ttood  in  Germany)  does  not  exist  in  this  country.  Mr.  Ussher,^ 
bdeed,  tells  us  of  an  unbroken  succession  of  strata  in  the  south- 
west ;  but  even  if  the  sequence  of  which  he  tells  us  there  be  never  dis- 
proved, it  is  clear  that  all  that  this  gentleman  has  done  is  to  establish 
the  continuity  of  a  series  of  sandstones  and  marls  of  Triassic  age  in 
that  part  of  England ;  he  has  not  any  lithological  grounds  of  a  very 
definite  character,  and  no  warmnt  from  fossil- remains,  for  calling  his 
aeries  a  '  Trias/  much  less  for  calling  upon  us  to  recognize  this  as  the 
fiormal  facies  of  the  English  series.  This  much  is  certain,  that  the 
series  described  in  Mr.  Ussher's  paper  do  not  answer  to  a  correct 
definition  of  the  German  Trias  as  a  system  which  '*  divides  itself 
sharply  into  two  sandstone-  and  marl-formations,  the  two  being 
separated  by  a  limestone- foimat ion  with  a  marine  fauna,  which  is 
distinguished  alike  by  poverty  of  forms  and  richness  in  individuals  *' 
(Credner).  On  the  other  hand,  we  have,  not  a  complete  Triassic 
system,  but  two  definite  formations  (the  Bunter  and  Keuper)  of  that 
system  in  the  midland  and  northern  counties,  which  are  undoubtedly 
locks  of  *  Triassic  age.^  The  adjectival  term  *  Triassic '  is  therefore 
exceedingly  useful  in  English  geological  nomenclature,  though  it 
would  seem  advisable  to  discontinue  altogether  the  use  of  the  sub- 
stantive word  'Trias,'  as  applied  to  our  English  strata.  At  the 
same  time,  the  term  '  New  Red  Sandstone '  is  hardly  suitable,  on 
account  of  its  misleading  connotation  (and  we  cannot  entirely  dis- 
oonnect  the  connotation  from  the  denotation  of  such  terms) ;  '  New 
Eed  Series  '  or  *  New  Red  System'  would  appear  therefore  preferable. 

5.  As  to  the  uppermost  limit  of  the  New  Red  System,  I  should 
agree  with  Mr.  Wilson,'  in  putting  the  greenish  marls  in  the  Keuper 

^   Vufe  Q.J.6.S.,  Tol.  xxxiv. 

*  Vide  Report  of  British  Association,  Section  C,  \%^\. 

IXMCADB  U.  —  TOL.   IX,—NO,    VII,  1\ 
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Series  (though  I  dissent  from  his  views  as  to  the  origin  of  their 
colour).  The  Avictda  contorta  Zone  (»  *Hhat')  Credner  describes 
as  '*  a  series  of  strata  with  prevailing  clear  finely-grained  sandstones, 
which  are  covered  with  grey  sandy  shales,  and  enclose  the  remains 
of  numerous  vascular  cryptogams  and  about  20  gymnosperms. 
They  are  found  especially  in  the  HhsBtics  near  Bayreuth  and  near 
Culmbach,  where  they  even  form  feeble  seams  of  coaL  .  .  .  Thi^ 
Bhaetic  flora  is  certainly  nearly  related  to  that  of  the  Upper  Reaper ; 
still  the  most  important  -and  characteristic  species  occur  first  in  the 
Rhsetic  itself  and  pass  up  partly  into  the  Jurassic  System.  The 
Bhsetic  is  therefore  linked  to  the  Lias,  or  is  a  passage-formation 
('  Zwischenbilduug ')  between  this  formation  and  tiie  Eeuper." 


la  E  V  I  E  "VT"  S- 


L — Geological  Sketohss  at  Home  and  Abroad.  By  Abohibald 
Geikie,  LL.D.,  F.R.S.,  Director-General  of  the  Geological  Surveys 
of  the  United  Kingdom.  Boyal  8vo.  pp.  382,  with  29  Illustra- 
tions.    (London  :    Macmillan  Sc  Co.,  1882.) 

THE  Essays  here  collected  and  revised  have,  says  Professor  A. 
Geikie,  appeared  at  intervals  in  various  journals,  most  of  the 
papers  being  records  of  geological  rambles,  the  author  has  introduced 
into  them  a  few  illustrative  sketches  from  his  note-books.  Those 
who  are  already  acquainted  with  Professor  G^ikie's  many  pleasant 
books  on  Geology  and  the  Physical  features  of  the  Earth*8  surface, 
may  anticipate  not  unnaturally  to  find  the  present  volume  sustain 
the  high  character  of  the  author's  other  writings,  and  in  this  they 
will  not  be  disappointed.  We  have  here  brought  together,  in  a  most 
agreeable  form,  graphic  sketches  with  pen  and  pencil  of  many 
a  beautiful  spot  in  the  Highlands  and  Orkneys;  in  Norway  and 
Sweden ;  among  the  volcanos  of  Central  France ;  in  Wyoming ; 
among  the  Geysers  of  the  Yellowstone  ;  a  chapter  on  Geographical 
Evolution ;  and  lastly  an  Essay  on  the  Geological  Influences  which 
have  afiected  the  course  of  British  History.  From  this  last  chapter 
we  venture  to  quote  briefly.  "  It  is  obvious  that  no  event  in  the 
geological  history  of  Britain  can  have  had  a  more  powerful  influence 
on  its  human  history  than  the  separation  of  this  country  as  a  group 
of  islands  cut  off"  by  a  considerable  channel  from  direct  communica- 
tion with  the  mainland  of  Europe.  Let  us  consider  for  a  moment 
how  the  disconnection  was  probably  brought  about. 

*'  There  can  be  no  doubt  that  at  the  time  when  Britain  became  an 
island,  the  general  contour  of  the  country  was,  on  the  whole,  what 
it  is  still.  The  same  groups  of  mountains  rose  above  the  same 
plains  and  valleys,  which  were  traversed  by  the  same  winding 
rivers.  We  know  that  in  the  glacial  and  later  periods  considerable 
oscillations  of  level  took  place ;  for,  on  the  one  hand,  beds  of  sea- 
shells  are  found  at  heights  of  1200  or  1300  feet  above  the  present 
sea-level;  and  on  the  other  hand,  ancient  forest-covered  soils  are 
now  seen  below  tide-mark.     It  was  doubtless  mainly  subsidence 
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that  produced  the  isolation  of  Britain.  The  whole  area  slowly  sank, 
until  the  lower  tracts  were  submerged,  the  last  low  ridge  connecting 
the  land  with  France  was  overflowed,  and  Britain  became  a  group 
of  islands  "  (p.  359).  Before  this  separation  and — "previous  to  the 
final  retreat  of  the  Ice,  the  alternating  warmer  intervals  brought 
into  Britain  many  wild  animals  from  milder  regions  to  the  south. 
Horses,  stags,  Irish  'elks,'  roe  deer,  wild  oxen,  and  bisons  roamed 
over  the  plains;  wild  boars,  three  kinds  of  rhinoceros,  two  kinds 
of  elephant,  brown  bears  and  grizzly  bears,  haunted  the  forests. 
The  rivers  were  tenanted  by  the  hippopotamus,  beaver,  otter,  and 
water-rat ;  while  among  the  Carnivora  were  wolves,  foxes,  wild  cats, 
hyaenas,  and  lions.  Many  of  these  animals  must  have  moved  in 
herds  across  the  plains,  over  which  the  North  Sea  now  rolls.  Their 
bones  have  been  dredged  up  in  hundreds  by  the  fishermen  from  the 
surface  of  the  Dogger  Bank"  (p.  357). 

Professor  Geikie  thinks  that  previous  to  this  the  flora  of  colder 
latitudes,  together  with  the  accompanying  reindeer,  musk-sheep, 
lemming,  Arctic  fox,  glutton,  and  other  northern  animals  had 
retreated  from  our  low  grounds  (p.  356) ;  but  this  could  hardly 
have  been  the  case ;  for  in  the  Thames  Valley  deposits  the  remains 
of  these  high  Arctic  forms  lie  commingled  in  the  same  set  of  deposits 
with  those  presumably  from  lower  latitudes ;  as  if  this  region  had, 
at  that  time,  served  as  the  meeting-place  of  faunas  now  geographically 
remote,  but  which  then,  had  a  far  wider  area  of  distribution. 

To  return,  however,  to  the  discussion  of  the  isolation  of  Britain. 
"  Unquestionably  the  isolation  was  helped  by  the  ceaseless  wear  and 
tear  of  the  superficial  agencies  which  are  still  busy  at  the  same  task. 
The  slow  but  sure  washing  of  descending  rain,  the  erosion  of  water- 
courses, and  the  gnawing  of  sea- waves,  all  told  in  the  long  degrada- 
tion. And  thus,  foundeiing  from  want  of  support  below,  and  eaten 
away  by  attacks  above,  the  low  lands  gi*adually  diminished,  and  dis- 
appeared beneath  the  sea. 

**  Now,  in  this  process  of  separation,  Ireland  unfortunately  became 
detached  from  Britain.  We  have  had  ample  occasion  in  recent  years 
to  observe  how  much  this  geological  change  has  affected  our  domestic 
history.  That  the  isolation  of  Ireland  took  place  before  Britain  had 
been  separated  from  the  continent  may  be  inferred  from  a  comparison 
of  the  distribution  of  living  plants  and  animals.  Of  course,  the 
interval  which  had  then  elapsed  since  the  submergences  and  ice- 
sheets  of  the  Glacial  period  must  have  been  of  prodigious  duration, 
if  measured  by  ordinary  human  standards.  Yet  it  was  too  short  to 
enable  the  plants  and  animals  of  Central  Europe  completely  to 
possess  themselves  of  the  British  area.  Generation  after  genera- 
tion they  were  moving  westward,  but  long  before  they  could 
reach  the  north-western  seaboard,  Ireland  had  become  an  island,  so 
that  their  further  march  in  tliat  direction  was  arrested,  and  before 
the  subsequent  advancing  band  had  come  as  far  as  Britain,  it  too  had 
been  separated  by  a  sea  channel  wliich  finally  barred  their  progress. 
Comparing  the  total  land  mammals  of  the  West  of  Europe,  we  find 
that  while    Germany  has   ninety  species,   Britain,  haa  ^ox\.^,  ^xA 
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Ireland  only  twenty- two.  The  reptiles  and  amphibia  of  Grermany 
number  twenty-two,  those  of  England  thirteen,  and  those  of  Ireland 
four.  Again,  even  among  the  winged  tribes,  where  the  capacity  for 
dispersal  is  so  much  greater,  Britain  possesses  twelve  species  of  bats, 
while  Ireland  has  no  more  than  seven,  and  180  land  birds  to  110  in 
Ireland.  The  same  disorepanoy  is  traceable  in  the  flora,  for  while 
the  total  number  of  species  of  flowering  plants  and  ferns  found  in 
Britain  amounts  to  1425,  those  of  Ireland  number  970 — about  two- 
thirds  of  the  British  flora.  Such  facts  as  these  are  not  explicable  by 
any  difference  of  climate  rendering  Ireland  less  fit  for  the  reception 
of  more  varied  vegetation  and  animal  life ;  for  the  climate  of  Ireland 
is  really  more  equable  and  genial  than  that  of  the  regions  lying  to 
the  east  of  it  They  receive  a  natural  and  consistent  interpretation 
on  the  assumption  of  the  gradual  separation  of  the  British  Islands 
during  a  continuous  north-westward  migration  of  the  present  flora 
and  fauna  from  Central  Europe. 

'*  The  last  neck  of  land  which  united  Britain  to  the  mainland  was 
probably  that  through  which  the  Strait  of  Dover  now  runs.  Apart 
from  the  general  subsidence  of  the  whole  North  Sea  area,  which  is 
attested  by  submerged  forests  on  both  sides,  it  is  not  difficult  to 
perceive  how  greatly  the  widening  of  the  channel  has  been  aided 
by  waves  and  tidal  currents.  The  clifls  of  Kent  on  the  one  side, 
and  of  the  Boulonnais  on  the  other,  ceaselessly  battered  by  the  sea, 
and  sapped  by  the  trickle  of  percolating  springs,  are  crumbling 
before  our  very  eyes.  The  scour  of  the  strong  tides  which  pour 
alternately  up  and  down  the  strait,  must  have  helped  also  to  deepen 
the  Channel.  And  yet,  in  spite  of  the  subsidence  and  this  constant 
erosion,  the  depression  remains  so  shallow  that  its  deepest  parts  are 
less  than  180  feet  below  the  surface.  As  has  often  been  remarked, 
if  St.  Paurs  Cathedral  could  be  shifted  from  the  heart  of  London  to 
the  middle  of  the  strait,  more  than  half  of  it  would  rise  above  the 
water"  (p.  362). 

In  this  pleasant  strain,  Prof.  Geikie  puts  before  his  readers  the 
great  geological  facts  which  science  has  accumulated  in  the  past 
fifty  years. 

His  later  American  experiences  will  be  read  with  equal  interest 
We  heartily  commend  the  volume  to  our  readers. 

II. — Memoirs  op  the  Geological  Survey.  England  and  Wales. 
The  Geology  of  the  Country  Around  Norwich.  (Explanation 
of  Quarter-sheets  66  N.E.  and  66  S.E.  of  the  One-inch  Geological 
Survey  Map  of  England  and  Wales.)  By  Horace  B.  Woodward, 
F.G.S.  (Notes  by  J.  H.  Blake,  F.G.S..  and  C.  Reid,  F.G.S.) 
Lists  of  Fossils  revised  by  R.  Etheridge,  F.R.S.  London: 
Edward  Stanford,  jun.,  65,  Charing  Cross,  S.W.,  1881.  Royal 
8vo.  pp.  216,  with  8  Plates,  a  page  Woodcut,  and  Folding  Table. 
(Price  Is,) 

"/^NE  of  the  earliest  geological  descriptions  of  Norfolk," — writes 
\^     Sir  Andrew  C.  Ramsay,  in   his  Notice  of  this   Memoir, — 

"  was  published  by  Samuel  Woodward  in  1833.    To  the  grandson  of 
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this  old  geologist  has  been  confided  the  task  of  preparing  the  pre- 
sent Geological  Survey  Memoir,  which  I  think  will  be  found  not 
unworthy  of  its  author  and  his  name." 

A  higher  oommendation  of  the  author  by  the  head  of  his  depart- 
ment could  hardly  have  been  given,  and  it  is  very  satisfactory  to 
feel  that  it  is  a  well-earned  testimony  to  Mr.  Horace  B.  Woodward's 
ability  as  a  field-geologist  and  an  author,  not  only  of  several  Survey 
Memoirs  and  Maps,  but  also  of  a  most  valuable  text-book  on  the 
Greology  of  England  and  Wales,  giving  a  concise  account  of  the 
lithological  characters,  leading  fossils  and  economic  products  of  the 
rocks,  with  notes  on  the  physical  features  of  the  country ;  a  text- 
book which  should  be  in  the  hands  of  every  geological  student 

Previous  to  the  publication  of  S.  Woodward's  "  Outline  of  the 
Geology  of  Norfolk"  (1833),  but  little  had  been  attempted  in 
exploring  the  geology  of  this  north-eastern  portion  of  East  Anglia ; 
indeed  but  few  geological  works  of  any  kind  then  existed.  Mantell's 
Geology  of  the  South- East  of  England ;  Phillips's  Geology  of  York- 
shire ;  Dixon's  Geology  of  Sussex,  and  other  similar  works,  testify 
to  the  utility  of  this  district  or  county  form  of  geological  publication. 

The  Memoir  before  us  is  restricted  to  the  exact  area  of  the  two 
Quarter-sheets  (66  N.E.  and  66  S.E.)  of  the  Geological  Survey  Map ; 
or  about  412  square  miles ;  whereas  the  whole  county  of  Norfolk 
embraces  an  area  of  2119  square  miles,  so  tliat  these  sheets  cover 
rather  less  than  one-fifth  of  the  entire  county.  The  area  described 
extends  from  Bungay  and  Beccles  on  the  south  to  Buxton  and 
Tunstead  on  the  North  of  Norwich  ;  and  from  Reedham  and  Potter 
Heigham  on  the  East  to  Bawburgh,  Hethersett,  and  Wrenningham 
on  the  West  of  Norwich. 

It  is  greatly  to  be  desired  that,  hereafter,  the  description  of  the 
other  portions  of  the  county  should  be  brought  together  in  a  single 
volume  or  into  two  volumes,  one  for  East,  and  the  other  for  West 
Norfolk  ;  and  we  feel  assured  that  such  a  division  of  the  area  would 
be  far  more  acceptable  to  the  local  geologists  and  landed  proprietors 
who  desire  to  consult  the  pages  of  these  memoirs  as  to  their  native 
county. 

We  hope  that  one  day  it  may  fall  to  the  lot  of  Mr.  Horace  B. 
Woodward  to  bring  out  the  joint  memoirs  of  himself  and  colleagues 
on  the  geology  of  the  entire  county,  as  his  grandfather  did  in  1833. 

With  the  exception  of  the  coast  sections  and  a  pit  at  Burgh  near 
Aylsham,  all  the  fossiliferous  Norwich  Crag  sections  in  Norfolk  are 
described. 

Those  who  object  to  the  multiplicity  of  local  names  will  be  glad 
to  find  that  under  the  comprehensive  name  of  "  Norwich  Crag 
Series  "  are  grouped  the  Mammaliferous  Stone-bed,  the  Fhivio-marine 
Crag,  the  Chillesford  Shell-bed,  the  Chillesford  Clay,  and  the  Bure 
Valley  beds.  With  regard  to  the  Crag  Mammals,  it  is  stated  that 
*'  the  evidence  shows  that  the  bones  may  belong  to  the  period  as 
much  as  the  shells,  which  occur  abundantly  in  the  Stone-bed  and  in 
crevices  of  the  Chalk." 

Among  the  theoretical  questions  briefly  discussed  are  tke  orl^m  c>l 
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flints,  including  the  gigantic  paramoudraSy  and  the  origin  of  the 
large  Chalk  boulders  of  Norfolk. 

Most  valuable  lists  of  the  Fossils  of  the  Upper  or  Norwich  Crag, 
and  of  the  Upper  Chalk  (revised  by  Mr.  Robert  Etheridge,  F.B.8.) 
accompany  this  memoir,  and  the  Appendix  gives  a  most  complete 
Bibliography  of  every  paper  relating  to  the  geology  of  the  county 
(to  which  Mr.  W.  Whitaker,  F.G.S.,  contributes). 

The  formations  noticed  in  the  area  described,  or  proved  by  deep 

borings,  are  as  follows  : — 

RfirftntanH    \  (Alluvium, 

pf^pwoil     Alluvial  Deposits   ...  |  Brickearth. 
Post-GUcial  /  ^  I  River  Gravel 

Gravel. 

BouldOT  Clav. 

Pleistoeene— Glacial  Drift <  Brickearth  (laminated). 

J  2»and  and  Gravel. 
(^  Brickearth. 

Pliocene  I  ^PP*^  Crag-Norwich  Crag 

x^iioceno       ^      series  (k  2). 

/  Chalk  (h  6). 

Cretaceous {  Upper  Greensand  (h  4). 

(  Gault  (h  3). 

The  symbols  (k  '2)  and  (h  5)  are  engraved  on  the  Map. 

No  rocks  older  tlian  the  Cretaceous  period  have  been  proved  in  the 
area;  the  possibility,  however,  of  Carboniferous  rocks  (including 
Coal-measures)  l>eing  reached  at  a  depth  of  about  1200  feet  was 
shown  by  the  author  when  President  of  the  Norwich  (Jeologioal 
Society  in  his  Anniversary  Address  (Nov.  4th,  1879) ;  see  Giou 
I^Iag.  1880,  Decade  II.  Vol.  VJI.  pp.  72-78,  and  was  illustrated  by 
a  woodcut  (p.  75),  now  reproduced  in  this  Memoir. 

The  Chalk  of  Norfolk  is  interesting  as  probably  exhibiting  higher 
beds  than  occur  elsewhere  in  England.  The  occuiTence  of  remains 
of  Leiodon  or  Mosasaurus,  a  lacertian  reptile,  found  also  in  the  still 
higher  Cretaceous  beds  at  Maestricht,  in  Holland,  favours  this  idea. 

We  are  glad  to  see  Sir  Andrew  Earasay's  remark  that  **  in  the  group- 
ing of  the  Glacial  Beds  the  author  has  simply  adopted  a  classification 
applicable  to  the  district,  being  of  opinion  that  no  general  classifica- 
tion can  be  established  until  the  Glacial  Beds  are  minutely  mapped 
over  much  larger  areas.  This  work  is  now  in  progress  by  the 
Geological  Survey.  As  it  proceeds,  we  shall  probably  learn  Uiat 
these  beds  are  less  complex  than  they  appear  to  be,  and  that  many 
of  the  divisions  have  only  a  local  value."  Mr.  H.  W.  Bristow, 
F.R.S.,  the  Senior  Director,  mentions  the  interesting  fact  that 
Mr.  Horace  B.  Woodward  has  surveyed  and  mapped  the  geology 
on  a  copy  of  (the  late  City  of  Norwich  Surveyor)  Mr.  A.  W. 
Morant's  large  map  of  the  City  of  Norwich,  on  a  scale  of  five 
chains  to  an  inch.  This  large  and  valuable  original  map  is  to  be 
deposited,  for  reference,  in  the  Geological  Survey  Office,  28,  Jermyn 
Street,  S.W. 

Considering  the  excellence  of  the  memoir,  it  is  much  to  be  regretted 
that  the  eight  lithographic  plates  of  sections  at  the  end  have  not 
been  executed  in  better  style.     They  contrast  most  unfavourably 
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with  tho  lithographs  published  fifty  years  ago  in  Samuel  Woodward's 
Outline  of  the  Geology  of  Noifolk,  when  lithographio  art  was  then 
in  its  infancy.  Surely  Her  Majesty's  Stationery  Office  should  have 
their  attention  drawn  by  the  Director-General  to  such  execrable 
lithographic  printing,  discreditable  to  any  London  firm.  The  litho- 
grapher discreetly  veils  his  name. 

HI. — ^Symbietry  on  the  Terrbstrial  Sphere.  La  Symetrie  sur  le 
Globe  Terrestre.  Psu:  A.  De  Lapparknt,  Professor  ^  L'lnstitut 
Catholique  de  Paris.  Extrait  de  la  Hevue  des  Questions  Scienti- 
fiques,  Janvier,  1882. 

THIS  article  places  before  French  readers  an  adaptation  by  Mr. 
Lowthian  Green  of  M.  Elie  de  Beaumont's  Polyhedron  Theory 
of  the  Earth's  Surface.     He  is  of  opinion  that  the  cooling  earth 
shrank  into  a  form  based  on  that  of  a  Tetrahedron.     To  three  of  the 
projecting  angles  are  due  the  elevation  of  Europe,  Asia,  and  North 
America ;  the  fourth  is  at  the  Antarctic  Pole.     The  form  is  to  be  more 
strictly  that  arising  by  development  of  pyramids  on  the  original 
four  faces :    thus  are  explained  S.  America,  Africa,  Australia,  and 
Greenland.     The  shrinking  in  the  southern  hemisphere  produced  a 
tendency  to  increased  rotation,  to  which  is  attributed  a  more  easterly 
position  of  these  three  southern  land  masses.     While  these  were 
being  so  shifted,  the  depressions  of  the  Mediterranean  and  the  Gulf 
of  Mexico  took  place,  under  the  action  of  tides  in  the  molten  interior 
determined  in  some  peculiar  way  by  the  position  of  the  Ecliptic. 
The  obliquity  of  the  Ecliptic  is  itself  accounted  for  by  the  attraction 
of  the  sun  on  the  projecting  points  of  the  tetrahedron. 

M.  De  Lapparent's  views  on  the  rotation  of  tops  do  not  agree  with 
phenomena  observed  in  the  streets.  What  does  he  mean  by  saying 
that  conjunctions  of  the  sun  and  moon  are  most  frequent  at  the 
solstices  ? 

The  reader  must  not  take  for  granted  any  statements  involving 
either  Dynamics  or  Astronomy.  It  is  possible  that  "  the  authors  of 
recent  manuals "  have  neglected  the  original  treatise  for  other 
reasons  than  that  assigned  by  M.  De  Lapparent.  E.  H. 


Gbologioal  Sooibty  of  London. 

L— May  10,  1882.  — J.  W.  Hulke,  Esq.,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read  : — 

1.  "  On  the  Relations  of  Hybocrinus,  Baerocrinm,  and  HyhoqfKtttes.** 
By  P.  Herbert  Carpenter,  Esq.,  M.A.  Communicated  by  Prof.  P. 
Martin  Duncan,  M.B.,  F.R.S.,  V.P.G.S. 

The  author  discussed  the  relations  of  Apiocrinus  dipentaSf  Leucht., 
and  of  Baerocrinus  Ungemi,  Volborth,  both  from  the  Lower  Silurian 
of  Russia,  to  Eyhocrinus,  Billings,  of  the  American  Trenton  limestone. 

Ap,  dipenlas  was  regarded  as  a  true  HyhocrinuB,  as  it  was  by 
Volborth  and  Schmidt ;  but  the  author  followed  Volborth  and  (3ix%- 
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wingk  m  considering  Baerocrxnus  as  a  distinct  generic  type.  Tlie 
cnlyx  consists  of  five  basals  supporting  five  radials,  of  which  only 
three  hear  arms,  while  there  is  no  indication  of  any  anal  system, 
unless  it  he  the  so-called  Volborth's  organ.  Baerocrinus  is  prohahly 
to  he  regarded  as  a  permanent  larval  form,  which  has  only  developed 
arms  on  three  of  its  radials. 

Hyhocystites  prohlematicvs,  from  the  Lower  Silurian  of  Kentucky, 
which  is  supposed  by  Wetherhy  to  be  an  intermediate  form  between 
the  Crinoids  and  the  Cystids,  is  believed  by  the  author  to  be  more 
closely  allied  to  the  Blastoids  than  to  the  Oystids.  The  three  so- 
called  arms  are  merely  upward  prolongations  of  the  radials,  which 
are  segmented  in  the  same  way  as  the  downward  extending  radials 
are  in  Pentacrinus  hriareus.  They  are  not  arms  like  those  of  Eyho- 
crinuB  and  other.  Crinoids.  Of  the  five  ambulacra  that  diverge  from 
the  peristome,  the  right  and  left  anterior  ones  pass  directly  down- 
wards from  the  summit  on  to  the  corresponding  radials,  and  thence 
on  to  the  basals.  Tlie  other  three  ascend  the  inner  faces  of  the 
short  radial  extensions,  pass  over  their  tops  and  down  their  outer 
faces,  where  they  have  been  described  as  "  more  or  less  obscure 
furrows,  of  which  nothing  further  is  known."  In  some  cases  they 
reach  the  basals,  and  in  others  not,  exhibiting  a  considerable  amount 
of  variation  both  in  this  and  in  other  respects.  There  are  therefore 
five  recurrent  and  appressed  ambulacra,  and  not  two  only,  together 
with  three  arms,  like  those  of  Crinoids. 

2.  "  On  the  Madreporaria  of  the  Inferior  Oolite  of  the  Neighbour- 
hood of  Cheltenham  and  Gloucester."    By  R  F.  Tomes,  Esq.,  F.G.S. 

Tlie  author  called  attention  to  the  observations  of  Milaschewitsch 
on  "Rejuvenescence"  in  corals,  published  in  vol.  xxi.  of  the  Palae- 
ontographica,  and  explained  its  nature  as  opposed  to  "gemmation." 
He  suggested  that,  in  describing  corals,  the  following  classification 
of  the  costae  should  be  adopted  : — 

1.  Mural  co«/<E= those  which  appear  on   the  wall,  whether   of 

simple  or  compound  species. 

2.  Septal  co8t(Bz=ihose  which  are  a  prolongation  of  the  septa. 

3.  Intercalicidar  co8icB=.tho8e  which  cover  the  coenenchyma  between 

the  calicos. 

He  adopted  in  general  Dr.  Wright's  views  as  to  the  stratigraphical 
position  of  the  coralligenous  deposits  in  the  Gloucestershire  Inferior 
Oolite,  and  gave  a  tabular  statement  of  the  distribution  of  the  species 
in  the  several  coral-beds,  pointing  out  that  each  of  these  has  its  own 
species,  which  do  not  pass  much  from  one  to  the  other.  He  recorded 
about  sixty  species,  many  of  which  were  described  as  new,  and 
proposed  two  new  genera  {Phyllogyra  and  Phylloseris) ,  besides  intro- 
ducing five  or  six  genera  previously  charaoterized  on  the  Continent, 
but  not  recognized  in  England,  namely,  Donacosmilia,  ConfusastroBay 
Chorisastrceaf  Oroseris,  and  DimorpharcBa. 

The  author  referred  especially  to  some  so-called  Thecosmtlia,  such 
as  r.  gregarta,  and  insisted  that  they  should  be  removed  to  the 
genus  Chorisastraa,  as  they  increase  by  gemmation  at  the  base 
only  of  the  oorallum,  and  never  by  fissiparity,  as  in  the  type  of 
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Thecosmtlia^  namely,  T.  trtchotoma,  from  the  Corallian  of  Nattheim. 
He  remarked  upon  the  characters  of  the  genus  Heterogyra,  Reuss,  and 
its  allies,  including  his  new  genus  Phyltogyra ;  and  further  indicated 
that  Thamnaatraa  and  allied  genera  have  been  removed  by  Milasche- 
witsch  from  the  Fungidee  and  placed  among  the  Poritidee,  in  con- 
sequence of  their  perforated  septa,  an  alteration  in  which  he  agreed. 

3.  *'0n  the  Exploration  of  two  Oaves  in  the  Neighbourhood  of 
Tenby."  By  Ernest  L.  Jones,  Esq.  Communicated  by  Prof.  W. 
Boyd  Dawkins,  F.R.S.,  F.G.S. 

The  caves  noticed  in  this  paper  were  that  of  Coygan,  near 
Laugham,  partially  described  by  Dr.  Hicks  in  the  Geolooioal 
Magazine  in  1867,  and  a  cave  known  as  Hoyle's  Mouth,  reported 
on  to  the  British  Association  in  1860  by  the  Biev.  Gilbert  N.  Smith. 
Both  caves  were  rock-fissures.  The  Ooygan  cave  had  been  a  Hyaana 
den,  as  was  shown  by  the  deposits  of  crushed  bones  and  coprolites 
trodden  down  into  a  solid  mass  by  the  passing  of  the  animals. 
Besides  remains  of  Hyeena,  it  furnished  those  of  Horse,  Mammoth, 
Tichorhine  Rhinoceros,  Elk,  Red  Deer,  Roe  Deer,  Reindeer,  Cave 
Bear,  Cave  Lion.  Bos  primigenius,  Wolf,  and  Fox.  The  presence  of 
Hippopotamus  was  doubtful.  Besides  these  animals,  the  presence 
of  Palaeolithic  man  in  the  cave  was  indicated  by  some  cut  bones  and 
by  two  flint-flakes  evidently  chipped  by  man.  In  the  second  cave, 
Hoyle's  Mouth,  the  Hyaena,  the  Cave  Bear,  etc.,  were  wanting,  the 
place  of  the  latter  being  taken  by  the  common  Brown  Bear.  In  one 
part  remains  of  an  old  hearth  were  found ;  and  the  whole  contents 
of  the  fissure  pointed  to  a  Neolithic  date.  At  one  time  the  cave 
appears  to  have  been  used  as  a  place  of  sepulture. 

4.  "Note  on  the  Comparative  Specific  Gravities  of  Molten  and 
Solidified  Vesuvian  Lavas."     By  H.  J.  Johnston-Lavis,  Esq.,  F.G.S. 

From  some  experiments  made  on  Vesuvian  lava,  Prof.  Palmieri 
in  1875  expressed  the  opinion  that  its  specific  gravity,  when 
molten,  might  be  as  high  as  5*0,  though  when  cooled  it  is  only 
2*7.  The  author  described  the  results  of  experiments  made  in 
December,  1881,  on  some  lava  flowing  across  the  Atrio  del  Cavallo. 
Favourable  circumstances  enabled  him  to  gain  a  position  above  a 
perfectly  molten  stream,  the  surface  of  which  was  protected  from 
radiation  by  the  heated  walls  of  a  tunnel  which  the  lava  had  already 
formed  by  cooling  of  the  crust.  On  to  this  were  dropped,  from  a 
height  of  1^  yard,  (a)  light  scoria;  this  floated  on  the  surface  until 
lost  to  view  (the  stream  could  be  watched  for  160  yards  or  so) ;  (6) 
fairly  solid  lava,  with  some  vesicular  cavities:  this  slowly  sank, 
nntil  after  some  distance  it  disappeared ;  (c)  the  most  compact  lava 
that  could  be  found,  in  which,  however,  were  a  few  small  cavities : 
this  sank  rapidly,  the  molten  rock  welling  up  round  it.  The  author 
considered  that  those  experiments  demonstrate  that  the  cooled  lava 
is  more  dense  than  the  molten,  and  that  the  apparently  contradictory 
results  obtained  by  Prof.  Palmieri  were  due  to  the  fact  that  the 
surface  of  the  stream,  by  loss  of  heat,  had  become  viscid,  so  that 
the  solid  material  floated,  though  of  greater  density.  The  author 
concluded  by  citing  other  confirmatory  evidence  of  his  view. 
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IL— May  24,  1882.— 1.  "On  the  Gteology  of  Costa  Eica.**  By 
Greorge  Attwood,  Esq.,  F.G.S.,  F.C.S.,  Assoc.  Memb.  Inst.  CE. ;  ¥rit^ 
an  Appendix  by  W.  H.  Hudleston,  Esq.,  M.A.,  P.Q.S.,  P.C.S. 

The  author  commenced  his  joarney  at  the  town  of  Pnnta  ArenaSr 
on  the  Gulf  of  Niooya.  This  stands  on  a  peninsula  composed  of  a 
calcareous  sandstone,  oovered  by  a  dark  sand  consisting  of  quartz 
grains,  magnetite,  and  decomposed  felspar  and  augite.  Inland  is  an 
igneous  rock  which  occupies,  before  long,  both  banks  of  the  Bio 
Barranca,  and  on  the  left  bank  extends  to  the  sea ;  it  is  a  greenstone 
containing  porphyritio  crystals  of  augite  and  triclinic  felspar,  and 
appears  to  contain  too  much  silica  for  a  true  dolerite,  being  rather  a 
representative  of  one  of  the  more  basic  forms  of  the  augite-andesites, 
resembling,  in  some  respects,  specimens  from  the  English  lake- 
districts  described  by  the  late  Mr.  Clifton  Ward.  On  this  rock,  after 
a  time,  are  found  boulders  of  a  black  augite-andesite ;  this  appears 
to  be  identical  with  the  rock  found  in  situ  in  the  Aguacate  moun- 
tains. Here  are  gold-  and  silver-mines,  which  were  described.  In 
the  ravine  of  the  Hio  Grande  lignites  are  found.  Below  this  is  a 
series  of  ancient  lakes,  which  on  the  Pacific  slopes  have  been  tapped 
by  the  Rio  Grande,  on  the  Atlantic  by  the  Rio  Reventazon.  Here 
also  the  country  rock  is  the  greenstone  already  described ;  and  near 
Cartage  there  are  boulders  of  trachyte.  The  volcano  of  Irazu  is  a 
trachyte,  probably  a  quartz-trachyte,  forming  an  important  building- 
atone.  Augite-andesites  are  found  at  La  Palma,  about  twelve  miles 
N.W.  of  the  volcano.  Irazu,  a  volcano  at  present  passive,  but  with 
blow-holes  of  gas,  is  between  11,000  and  12,000  feet  in  height 
Turrialba,  of  about  the  same  elevation,  is  still  feebly  active. 

The  author  is  of  opinion  that  the  filling  of  the  mineral  lodes 
(ancient  fissures)  in  the  Aguacate  mountains  took  place  in  Tertiary 
times,  probably  Pliocene,  and  that  this  infiltration  was  contempo- 
raneous with  the  eruption  of  the  augite-andesites  in  the  same  region. 
The  quartz- trachytes  and  sandstones  are  certainly  Post-Tertiary. 

2.  "  On  a  remarkable  Dinosaurian  Coraooid  from  the  Wealden  of 
Brook,  in  the  Isle  of  Wight,  preserved  in  the  Woodwardian  Museum 
of  the  University  of  Cambridge,  probably  referable  to  Omithopais" 
By  Prof.  H.  G.  Seeley,  F.R.S.,  P.L.S.,  F.G.S.,  etc. 

The  specimen  described  was  obtained  in  1866  by  Mr.  Henry 
Keepiug,  midway  between  the  fossil  forest  at  Brook  Point  and  Brook 
Chine,  about  10  feet  above  high-water  mark.  The  author  stated 
tlmt  it  was  the  largest  Dinosaurian  coraooid  known  to  him,  that  it 
differed  in  important  characters  from  that  of  Igiianodon,  and  that,  of 
described  genera,  it  most  probably  belonged  to  Oitiithopsia,  The 
bone  is  from  the  right  side,  and  nearly  perfect ;  its  length  is  about 
]  Clinches  and  its  greatest  breadth  about  14  inches;  the  humeral 
articular  surface  is  nearly  8  inches,  and  the  suture  for  the  scapula 
about  10^  inches  long.  The  bone  is  moderately  thick,  slightly  con- 
vex externally  and  concave  within,  thickened  at  the  humeral  articu- 
lation. The  nearest  approach  to  this  coraooid  is  made  by  that  of 
the  skeleton  referred  to  HylcBosaurua,  from  the  Wealden  of  Tilgate ; 
but  in  it  the  distal  portion  of  the  bone  is  more  prolonged,  the  median 
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portion  is  less  thickened,  and  the  foramen  is  placed  behind  the 
middle  of  the  humeral  border,  far  away  from  the  scapular  margin, 
near  which  it  is  situated  in  the  present  bone.  From  the  coracoid 
of  Iguanodon  it  di£fers  by  the  absence  of  the  notch  between  the 
humeral  and  scapular  surfaces,  which  there  represents  the  foramen 
in  this  bone.  In  some  respects  it  resembles  certain  American  types, 
such  as  Moroaaurua,  and  especially  Camptonotu$, 

3.  "  On  the  Newer  Pliocene  Period  in  England."  By  S.  V.  Wood, 
Esq.,  F.G.S.     (Concluding  Part) 

In  this  part  the  author  continued,  from  the  first  part  of  the  paper 
published  in  the  Journal  of  the  Society  for  1880,  his  examination  of 
the  conditions  which  accompanied  the  emergence  of  England  during 
the  retreat  of  the  ice  of  the  Chalky  Clay,  and  described  the  dammiug- 
up  of  the  valleys  which  drain  to  the  Wash  by  that  ice  after  the 
water-partings  between  their  systems  and  those  of  the  Severn  and 
Thames  had  emerged,  whereby  the  fresh  water  in  these  valleys  was 
raised,  so  as  to  overflow  the  minor  water-partings  within  their 
systems  and  cover  them  with  gravel,  such  as  that  atCasewick,  within 
the  Welland  system  (described  by  Prof.  Morris  in  vol.  ix.  of  the 
Journal),  and  those  of  Cambridgeshire,  described  by  Mr.  Jukes- 
Browne.  He  thus  referred  the  freshwater  bed  at  Casewick,  covered 
by  this  gravel,  and  the  palaDolithic  brick-earth  of  Brandon  and 
Mildenhall  (which  is  overlain  as  well  as  underlain  by  the  Chalky 
Clay)  to  the  time  immediately  antecedent  to  this — the  slight  advance 
of  the  ice  which  thus  blocked  up  and  raised  the  water-line  within 
the  systems  of  the  Welland,  Nen,  Ouse,  and  Cam  having  overridden 
this  brick-earth  and  covered  it  with  the  Chalky  Clay. 

He  then  described  the  gravel  (/of  his  figures)  of  the  Thames 
valley,  and  showed  that  it  was  the  continuation  of  the  gravel  previ- 
ously described  by  him  as  synchronous  with  the  Chalky  Clay,  and 
which,  as  described  by  him  in  the  first  part  of  his  paper,  was  over- 
lain,  and  also  underleAn  by  that  clay,  it  inosculating  with  those 
gravels,  up  the  valleys  of  the  Lea  and  (Middlesex)  Colne. 

He  then  described  the  Cyrena-flummalis  formation,  which  he 
showed  as  originating  in  a  depression  which  raised  the  water-line  in 
the  Thames  valley  at  Grays  and  Crayford  to  about  100  feet  above 
the  present  sea-level,  and  proportionately  higher  on  the  west  of 
London ;  and  described  the  formation  as  consisting,  at  Grays,  of  four 
divisions,  which  in  their  upward  order  he  called  1,  2,  3,  and  4, — 
No.  1  being  the  gravel  base.  No.  2  mostly  brick-earth  with  freshwater 
shells,  No.  3  yellow  sand  containing  freshwater  shells  in  the  lower 
part,  but  unfossiliferous  and  false- bedded  in  the  upper,  and  No.  4, 
a  clay  or  loam,  also  unfossiliferous. 

These,  he  showed,  are  mutually  transgressive,  both  at  Grays  and 
at  Clacton,  No.  3  at  Clacton  becoming  estuarine  by  the  intermixture 
of  marine  shells  with  tlie  Gyrena,  and  No.  4,  a  loamy  gravel  which  is 
unfossiliferous ;  while,  from  its  greater  transgression.  No.  4  spreads 
80  widely  over  the  gravel  /,  that  remnants  of  it  occur  at  Slough, 
West  Drayton,  and  other  places.  He  then  traced  the  formation 
northwards  in  Suffolk,  where,  from  the  Cyrena  not  bein^  qa&c^v^Nj^ 
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with  other  than  freshwater  shells  (except  at  GMgrave,  where  the 
inarine  shells  associated  with  it  are  derivatives  from  the  Crag),  he 
inferred  that  the  depression  did  not  bring  the  sea  into  Suffolk  or  £ast 
Norfolk.  In  West  Norfolk  and  around  the  Wash,  however,  it  did 
so,  the  Cyrena  being  associated  with  the  marine  gravel  at  March, 
llie  evidences  of  this  depression  bringing  in  the  sea  around  the 
Wash  (which  consist  of  the  Nar  brick-earth  and  the  gpravel  of 
Hunstanton,  March,  and  other  places  in  the  Fen  country  with 
marine  shells)  extend  to  about  30  feet  elevation.  This  gravel 
at  Overton,  near  Peterborough,  passes  down  into  a  bed  with 
freshwater  shells  only,  thus  resembling  the  Olacton  bed,  and  at 
March  containing  the  Cyrena  in  abundance.  Northwards  the  for- 
mation is  represented  by  the  C^r^a-gravel  of  Kelsea  Hill,  in  Hoi- 
demess ;  and  the  evidences  of  depression  rise  in  that  direction  to 
near  100  feet,  as  a  brick-earth,  at  Eirmington  in  North  Lincoln- 
shire, at  between  80  and  90,  containing  mammalian  remains  and 
Scrobictdaria  piperatay  with  valves  united,  is  regarded  by  the  author 
as  part  of  the  formation ;  and  there  he  instanced  the  ripple-marked 
pan  beneath  this  formation  at  Hessle  as  evidence  of  redepression  or 
transgression,  similar  to  that  afforded  by  the  Mollusca  at  Overton 
and  Clacton.  He  then  described  this  gravel  as  extending  up  the 
vales  of  York  and  Tees  to  about  similar  elevation,  and  as  passing  in 
them,  as  it  does  in  Holderness,  under  the  clay  of  the  minor  glaoia- 
tion.  Southwards  he  traced  the  formation  as  represented  by  the 
shingly  sand  and  gravel  of  Avisford  and  Bourne  Common  in  Sussex ; 
the  Selsea  mud-bed  with  Lusitanian  shells,  near  the  present  sea- 
level,  representing  the  first  part  of  the  formation,  which  the  depres- 
sion carried  transgressively  to  Avisford.  In  the  Thames  and  lower 
Lea  valleys  he  described,  and  showed,  by  many  lines  of  section,  how 
considerable  a  denudation  accompanied  the  rise  from  this  depression, 
so  that  not  only  most  of  the  formation  but  also  much  of  the  gravel 
/,  of  glacial  age,  on  which  the  uppermost  bed  of  this  formation 
rested,  was  washed  awa}',  the  latter  having  for  a  great  distance  been 
left  on  an  escarpment  facing  the  valley  sides.  This  denudation,  he 
showed,  was  in  the  same  places  repeated  after  the  formation  of  the 
gravel  of  the  minor  glaciation. 

Under  the  division  of  minor  glaciation  or  reindeer  age,  he  described 
the  various  formations,  morainic,  atmospheric,  fluviatile,  and  marine, 
due  to  a  return  of  glaciation  after  England  had,  except  in  the  north- 
west, become  all  land.  The  morainic  part  in  the  north-west  (which 
was  the  Upper  Clay  of  Lancashire  and  adjoining  counties)  he 
regarded  as  extruded  beneath  the  sea  up  to  that  level  at  which  it 
contains  shells,  these  having  been  dropped  from  floe-ice  detached 
from  the  shores,  which  drifted  over  it  while  thus  undergoing  extru- 
sion ;  but  in  the  north-east  it  was  terrestrial,  owing  to  this  part 
having  emerged  from  the  depression  of  the  Cyrena  formation  before 
the  moraine  reached  Holderness,  and  therefore  it  contained  no  shells. 
The  ice  giving  rise  to  this  moraine  was  of  far  less  volume  than  that 
of  the  Chalky  Clay,  and  instead  of  seeking  the  sea  as  that  did,  when 
the  sea  lay  over  the  centre  and  south  of  England,  it  passed  to  it  in 
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its  present  position,  one  stream  of  it  going  straight  out  through  the 
Tees  valley,  and  another  down  the  vale  of  York  and  out  by  the 
Humber,  so  as  to  overspread  southern  Holderness  and  the  sea-board 
of  Lincolnshire.  The  fluviatile  formation  of  this  minor  glaciation 
is  the  gravel  which  overlies  the  C^rena-formation  at  Crayford  and 
Ilford  (Uphallfield)  up  to  the  elevation  of  about  30  feet,  and  at 
similar  elevation  lies  up  to  the  foot  of  that  formation  at  Grays ;  and 
it  is  that  which  forms  the  40-4o-foot  terrace  at  Acton,  where  it  has 
yielded  reindeer-remains.  Owing  to  the  rise  from  the  depression 
under  which  the  Oyrena -formation  accumulated,  which  had  taken 
place  when  this  gravel  was  formed,  its  level  does  not  differ  greatly 
from  that  of  the  fossiliferous  part  of  the  C^rcna-formation  at  Orays 
and  Crayford,  so  that  in  more  inland  districts,  as  at  Oxford,  the  two, 
though  quite  different  in  age,  may  be  undistinguishable.  This 
gravel  the  author  regarded  as  corresponding  in  position  with  the 
beaches  of  the  buried  cliffs  of  Sangatte,  Brighton,  Isle  of  Wight, 
Portland,  and  Sili  Bay,  these  beaches  and  the  gravel  having  originated 
during  a  pause  in  the  rise  from  the  depression  of  the  (7^r6na-forma- 
tion.  The  floe-ice  of  this  glaciation  driven  on  to  these  beaches  left 
blocks  on  them,  which  becoming  mixed  with  loam  from  rills  pouring 
in  summer  over  the  cliffs,  is  covered  by  the  atmospheric  formation 
which  accumulated  as,  by  renewal  of  emergence,  the  sea  receded 
from  these  beaches.  At  the  same  time  floes  grounding  on  the  Pagbam 
and  Selsea  flats,  which,  in  con-espondence  with  the  shingle  of  the 
Isle-of- Wight  beach,  were  then  submerged  about  30  or  40  feet 
below  their  present  level,  left  the  great  blocks  found  in  the  clay- 
gravel  of  Pagham  and  Selsea  which  was  then  forming,  and  which 
overlies  the  mud-bed  with  Lusitanian  shells,  and  is  itself  overlain 
by  the  atmospheric  formation.  He  also  showed  by  a  line  of  section 
that  this  gravel  occupies  a  position  several  hundred  feet  below  that 
which  the  gravel  of  the  great  submergence  and  major  glaciation 
occupies  in  the  adjoining  parts  of  Hampshire. 

The  atmospheric  formation  of  the  minor  glaciation,  he  regarded  as 
the  brick-earth  with  angular  fragments  of  stone  and  splintered  flints 
overlying  the  buried  cliffs  and  their  beaches.  This  is  the  **  formation 
of  great  submergence  "  (with  laud  shells  and  Mammalian  remains) 
of  Prestwich,  and  identical  with  the  "warp"  of  Trimmer  and 
"  trail  "  of  Fisher  in  other  parts  of  England.  The  origin  of  this  he 
referred  to  an  annual  thawing  of  the  upper  layer  of  the  permanently 
frozen  land-surface,  such  as  takes  place  in  arctic  countries  not  occu- 
pied by  land-ice,  such  as  Siberia.  Owing  to  the  subsoil  being  per- 
manently frozen,  no  water  can  penetrate  it,  so  that  the  thawing 
surface-layer  becomes  sludge  from  the  snow-melting  and  rainfall  of 
summer,  and  slowly  slides  from  higher  to  lower  places,  thus  exposing 
on  the  higher  a  continually  renewed  superficial  portion  of  the  per- 
manently frozen  soil  to  this  action,  and  accumulating  it  in  the  lower. 
In  sliding,  this  material  has  collected  not  only  the  bones  of  animals 
such  as  the  reindeer  and  mammoth  which  lived  on  this  surface,  but 
also  those  of  the  hippopotamus,  which  did  not,  but  had  lived  during 
the  C^r^na- formation  stage,  from  superficial  deposits  of  that  stage 
(from  which  also  they  got  by  derivation.  inU)  \Xi^  ^v?^  ^i  nS^a 
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glaciation),  in  illustration  of  which  he  refers  to  Siberian  rivers  now 
receiving  the  remains  of  the  extinct  mammoth  and  living  reindeer  alike. 

Penetrating  fissures  in  the  rocks,  this  material  has  formed  the 
amorphous  Cave-earth  of  the  districts  beyond  where  the  moraine  has 
reached ;  and  the  author  pointed  out  that,  stalagmite  being  due  to 
percolation,  none  could  form  while  the  subsoil  was  thus  permanently 
frozen,  which  is  the  reason  why  the  Cave-earth  is  devoid  of  it, 
though  always  covered  by  it  and  sometimes  underlain  by  it,  such 
underlay  probably  showing  that  the  caves  where  this  ocours  were 
not  submerged  at  the  commencement  of  this  minor  glaciation. 

After  giving  various  reasons  which  appeared  to  him  to  show  that 
the  passing  away  of  the  minor  glaciation  took  place  while  Lancashire 
was  still  submerged  up  to  an  elevation  of  from  20  to  80  feet,  bat 
when  the  east  and  south  of  England  was  at  a  somewhat  higher  level 
than  at  present,  he  described  a  bed  of  flattened  stones  which  cover  all 
anterior  beds  alike  in  the  limestone  districts  of  the  south  of  Lincoln- 
shire, and  some  gravel  with  flattened  fragments  of  hard  chalk  in 
Korth  Lincolnshire  and  Holdemess  which  appear  to  him  to  indicate 
a  flooding  of  the  country  after  the  termination  of  this  glaciation. 
The  author  then  offered  some  remarks  on  the  co-existence  of 
arboreal  vegetation  with  the  land-ice  of  the  first  or  great  glaciation 
at  the  time  when  it  uncovered  the  plateaux  of  Norfolk  and  Suffolk, 
appealing  for  the  probability  of  this  to  the  condition  of  South 
America,  where  the  inland  ice  passes  in  glaciers  to  the  sea  in  the 
Straits  of  Magellan  and  adjoining  channels  through  dense  forests. 
He  also  pointed  out  that  the  evidences  of  the  Newer  Pliocene  period, 
as  traced  by  him,  lend  no  support  to  the  climate-theories  of  Dr. 
Croll.  Mr.  Wallace,  or  Mr.  Murphy,  but,  on  the  contrary,  conflict 
with  them,  as  do  the  respective  extensions  of  the  areas  of  glaciation 
in  Western  Europe  and  Eastern  America,  while  they  are  equally 
repugnant  to  any  theory  of  climate  based  on  changes  in  geographical 
conditions;  and  he  concluded  by  insisting  on  the  British  origin  of 
all  the  ice  connected  with  either  glaciation  in  England,  and  on  the 
existence  of  an  open  north  sea  throughout 
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J.   P.   LESLEY  ON  HIGH-LEVEL  DRIFT. 

Sir, — I  notice  the  following  on  page  186,  No.  214.  Geological 
Magazine: — "The  author  [D.  Mackintosh,  Esq.,  F.G.S.,  paper 
entitled,  "Additional  Discoveries  of  High-level  Marine  Drifts,  eta"] 
begins  with  remarks  on  the  importance  of  the  marine  drift-area,  .  .  . 
especially  as  regards  its  great  extent,  and  the  absence,  so  far  as  yet 
known,  of  similar  high-level  drifts  (between  1000  and  1850  feet 
above  the  sea)  in  Continental  Europe,  Asia,  or  North  America." 

The  annual  reports  published  by  Professor  Geo.  H.  Cook,  State 
Geologist,  give  the  information  which  Mr.  Mackintosh  finds  wanting. 
The  vignette  to  the  pamphlet  report  of  1877  is  a  Map  of  the  State, 
showing  its  northern  part  wholly  covered  with  drift  The  line  of 
the  terminal  moraine  is  drawn,  and  lists  of  strisB  with  magnetic 
directiona.    These  tables  are  continued  in  the  report  of  1878,  and 
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he  strisB  and  drift  deposits  are  desoribed  as  covering  the  high  lands 
>f  the  State.    The  line  of  moraine  mounds  and  hollowis,  with  large 
x)older8,  crosses  Schooley*s  Mountain  at  an  elevation  of  between 
L200  and   1300  feet.     Back  from  this,  to  the  N.  and  N.E.,  the 
nountain  ranges  are  dnft-covered  as  well  as  the  valleys,  but  the 
mountain  crests  are  nearly  destitute  of  drift,  although  boulders  are 
perched  upon  them.   A  large  glacial  map  of  New  Jersey  accompanies 
this  report.     The  report  of  1879  gives  a  still  larger  coloured  geo- 
logical map  of  the  State ;  and  this  also  shows  the  drift-covered  area. 
The  report  of  18d0  describes  the  terminal  moraine  in  great  detail, 
with  a  table  of  elevations  (highest  in  Waterloo  township,  1250^  A.T.) ; 
moraines  of  recession  ;  modified  drift ;  transported  drift ;  preglacial 
drift;   drift  dams  and  ponds,  etc.    The  report  of  1881  gives  the 
heights  of  Hamburgh  mountain  as  l^SS';  Sootts  mountain  1277';  the 
Schooley  mountain  range  as  varying  from  900'  to  ISOO' ;  the  Kitta- 
tinny  (Schawangimk)  mountain  as  1474'  at  the  Delaware  water-gap, 
and  ISOO'  at  the  New  Tork  State  line,  the  highest  ground  in  the  State. 
The  reports  of  progress  of  the  Second  Geological  Survey  of  Penn- 
sylvania describe  much  higher  drift-covered  areas.     I  am  putting 
through  the  press  Report  G  6  (by  Prof.  I.  0.  White)  on  Pike  and 
Monroe  counties,  which  border  on  the  north  line  of  New  Jersey. 
Through  these  counties  ranges  the   high  plateau  of  the  Catskill 
mountAins^  (Devonian),  from  N.E.  to  S.W.,  cut  by  the  long  canons  of 
the  Delaware  and  Lehigh  rivers  descending  from  the  north.     In 
New  York  State  this  plateau  averages  3000'  above  tide,  with  peaks 
(measured    by   Guyot)    Overiook   3600',   Monk   3880',   Blackhead 
8965',  and  others  up  to  4062',  4179'.     But  in  Pennsylvania  the 
average  height  of  the  plateau  is  under  2000'.    Tlie  Delaware  and 
Lackawanna  i-ailway  crosses  it  with  a  summit  grade  of  1681'.     Near 
this  lies  Elich's  pond  in  a  kettle  of  glacial  drift  at  1754'.     The  front 
edge  of  the  escarpment  (a  horizontal  conglomerate  100  feet  thick) 
ranges   at   about  2000'  A.T.     From   this   front  edge   the  plateau 
slightly  declines  north-eastward,  with  outlying  fragments,  such  as 
North  and  South  Knobs  (2010'  A.T.).     But  northwards  it  maintains 
its  elevation ;    the  i*ailway  summit  grade  being  1955'  next  south  of 
the  Tobyhanna  creek,  and  1970'  next  north  of  it.     This  Tobyhanna 
creek  flows  under  the  railway  bridge  at  1932'  A.T.  through  a  very 
shallow  valley  of  drift. 

Pocono  Knob  projects  eastward  from  an  angle  of  the  escarpment 
(where  it  turns  north),  and  is  about  2000'  A.T.  The  notch  behind 
it  which  isolates  its  summit  from  the  rest  of  the  plateau  is  1681' A.T. 
Another  Knob  on  the  brow  of  the  escarpment  reaches  2225'  A.T. 
The  terminal  moraine  creeps  up  the  escarpment,  encircles  Pocono 
Knob  at  two- thirds  its  height  (from  base  to  top,  say  1000'),  and 
reaches  the  plateau  level  from  behind.  From  this  point  it  stretches 
off  N.W.  across  the  plateau  at  a  height  of  2000'  A.T.  in  the  form  of 
a  mound- wall  about  100'  high.  Long  Pond  has  been  created  by  it, 
obstructing  a  preglacial  valley  with  its  trash. 

The  entire  area  of  the  plateau  behind  the  terminal  moraine,  i.e.,  the 
whole  of  Monroe,  Pike,  Wayne,  and  Susquehanna  counties  lying  to 
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the  north-east  of  it,  is  an  unbroken  sheet  of  Drift,  with  the  usual 
aspect  of  Till,  with  loose  boulders,  strisB  on  exposed  outcrops,  drift 
dams,  buried  valleys,  reversed  drainage,  and  innumerable  drift 
inclosed  ponds  and  lakes,  the  elevations  of  which  above  tide  are 
given  by  Mr.  White  in  his  report ;  the  lower  ones  like  Nichecronk 
and  Silver  Lakes,  1150'  and  1250';  the  higher  ones  like  Lakes  Belle 
and  Ernest  1750',  Lake  Laura  1800',  Elich's  Pond  1754'. 

In  Mr.  White's  Report,  G  5  (1881)  on  Wayne  and  Susquehanna 
counties,  lying  next  the  New  York  State  line,  similar  descriptions 
and  tables  of  elevations  of  striae,  drift  ponds,  etc.,  are  given ;  and  the 
exact  uppermost  limit  of  ice  action  is  there  to  be  seen,  on  the  sides 
of  isolated  peaks.  The  highest  strisB  on  Mount  Ararat  being  2200' 
above  tide.  The  elevation  of  the  whole  region  may  be  gathered 
from  the  fact  that  the  lowest  summit  that  the  Jefferson  Branch  Bail- 
way  could  find  for  its  grade  is  2023'  A.T.  Hundreds  of  morainic 
ponds  and  lakes  dot  the  whole  map. 

I  hope  to  put  to  press  shortly  the  special  report  of  Prof.  H.  C. 
Lewis,  whom  I  directed  to  trace  and  study  the  terminal  moraine 
throughout  its  whole  line,  a  distance  of  about  450  miles,  i.e.  from 
where  it  crosses  the  Delaware  and  enters  our  State  from  New  Jersey, 
near  the  Water  Gap,  to  where  it  leaves  the  State  to  enter  Ohio  west 
of  Pittsburgh.  In  this  report  Mr.  Lewis  maps  the  moraine  as 
ascending  and  descending  our  mountain  sides,  crossing  narrow  and 
wide  valleys,  ascending  the  Alleghany  mountain  plateau  and 
ti'aversing  the  highest  lands  in  Northern  Pennsylvania. 

The  report  of  Mr.  Ashburner  on  McKean  county,  and  that  of  Mr. 
Carll  on  the  Oil  Kegions,  treat  largely  of  our  high-level  drift  and 
the  astoiiisliing  changes  it  has  effected  in  our  topography.  There  is, 
therefore,  no  lack  of  data  for  Mr.  Mackintosh  to  use ;  data,  be  it  said 
moreover,  of  the  most  precise  and  complete  kind. 

1008,  Clinton  Street,  Philadelphia.  J.  P.   Lesley. 

THE  SO-CALLED  HYPERSTHENITE  OF  CARROCK  FELL. 
Sir, — I  can  fully  confirm  Dr.  Trechmann's  statement  as  to  the 
absence  of  hypersthene  from  the  Carrock  Fell  rock.  Some  few 
years  since,  feeling  suspicious,  I  had  a  slide  cut  from  one  of  two  or 
three  S])ecimens  in  my  collection,  and  saw  at  once  that  the  mineral 
was  only  a  form  of  pyroxene.  The  hornblende,  I  conjecture,  is  of 
secondary  formation,  t.e.  more  or  less  uralite — a  change  especially 
frequent  in  gabbros.  As  regards  the  late  Mr.  Clifton  Ward's  iden- 
tification, I  have  always  suspected  that  he  had  identified  the  Carrock 
Fell  mineral  with  hypersthene  by  its  general  appearance  (which 
however  is  not  very  characteristic),  and  not  by  optical  tests.  His 
analysis,  with  its  small  quantity  of  magnesia,  shows  the  improbability 
of  the  mineral  being  hypersthene.  Indeed,  I  doubt  whether  the 
mineral  has  yet  been  really  identified  in  Britain.  Certainly,  as 
Zirkel  has  shown,  and  as  Prof.  W.  H.  Miller  informed  me  more 
than  ten  years  since,  the  ordinary  mineral  in  the  Skye  hypersthenite 
is  pyroxene.  One  or  two  instances  have  been  quoted  from  Wales, 
but  i  do  not  credit  them.  T.  G.  Bonney. 

23,  DxNNiMQ  EoAD,  Hamfstbad. 
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I. — On  some  Ebptilian  Tbkth  from  the  Uppbe  Permian  Cupri- 
7KB0U8  Sandstones  of  Earoalinbk,  near  Orenburg,  Bussia.^ 

By  W.  H.  TwELVBTBEES,  F.L.S.,  F.G.8., 
Member  of  the  Imperial  Society  of  Naturaliats  of  Moecow,  etc. 

(PLATE    VIII.) 

THE  teeth  under  consideration  in  this  paper  were  derived  from 
the  Eargalinsk  copper  mines  in  the  goveiTiment  of  Orenburg, 
Bussia.  These  mines  are  in  the  marls  and  sandstones  overlying 
conformably  the  Zechstein  or  Magnesian  Limestone,  and  were  re- 
ferred by  Murchison  to  the  upper  division  of  the  Permian.  Other 
writers  have  regarded  them  as  belonging  to  the  Lower  Trias,  so  that 
the  question  of  their  horizon  is  still  auh  Judice,  I  have  elsewhere 
explained  my  reasons  for  believing  them  to  form  part  of  the  Permian 
formation,  and  wishing  to  avail  myself  of  the  latest  Bussian  opinions, 
I  have  recently  asked  Dr.  Trautschold,  the  esteemed  palsBontologist 
of  Moscow,  what  is  the  state  of  opinion  now,  and  he  informs  me 
that  there  are  as  yet  no  positive  data  on  which  to  base  a  Triassio 
hypothesis.  Dr.  Trautsohold  has  visited  and  examined  the  locality, 
an  advantage  not  possessed  by  many  of  those  who  consider  the 
seiies  must  be  Triassio,  because  reptilian  remains  of  a  high  grade 
are  found  in  them. 

The  teeth  represented  in  the  Plate  were  found  in  different  mines 
not  far  apart.  Those  of  Figures  2  and  3  are  from  the  Boshdestvensky 
mine  belonging  to  the  Voskresensky  works,  and  situate  30  miles 
north  of  the  town  of  Orenburg.  That  of  Figure  1  is  from  an  adjacent 
mine.  It  is  difficult  to  make  much  of  isolated  teeth ;  but  as  these 
are  singular  forms,  it  may  be  useful  to  rescue  them  from  oblivion  by 
a  passing  description. 

Fig.  1  is  a  fine  canine  with  a  trenchant,  minutely  crenated  poste- 
rior border.  The  crown  is  invested  with  the  usual  coating  of  enamel, 
wrinkled  in  parts.  The  pulp  cavity,  as  demonstrated  by  sections,  is 
conical  and  long,  extending  to  within  a  short  distance  of  the  apex. 

The  apex  shows  traces  of  wear  on  one  side  and  in  front,  and  from 
this  I  should  think  that  a  lower  canine  rose  in  front  of  it  In  its 
general  aspect  the  tooth  is  theriodont  and  recalls  the  canine  of  Cyno- 
draco  major,  Ow.  But  its  crenulation  is  finer  and  its  central  cavity 
is  larger,  and  at  one  time  I  thought  its  dentinal  structure  might  turn 

^  Bead  before  the  Hackney  Microscopical  and  Natural  Ilistory  Society,  June  7, 1882. 
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out  to  be  different  from  that  of  Cifnodraco.  I  ima^ned  that  tite 
spots  visible  on  the  surfaces  of  the  transverse  sections  might  be 
vascular  canals  cut  obliquely  across  in  their  course  to  the  circnm- 
ference.  Mr.  Hulke  and  Prof.  Seeley  obligingly  pointed  out  to  me 
that  this  could  not  be  the  case,  beoiuse  the  calcigerous  tubes  are 
seen  to  radiate  from  the  centre  horizontally,  and  if  vaso-dentinal 
canals  existed,  they  must  run  in  the  same  plane. 

Eichwald's  Deuterosaurus  hiarmicus  is  represented  by  remains  from 
the  Upper  Permian  copper  mines  of  Klioutschefsk  in  the  Bielebee 
district  of  the  Ufa  government.  The  skull  contains  teeth  differen- 
tiated into  premaxillaries,  canines  and  molars.  The  lower  canine 
figured  in  Eichwald's  Lethasa  Rossica,  tab.  Iviii.  fig.  1,  somewhat 
resembles  our  tooth,  but  is  more  cylindrical,  besides  being  smaller, 
and  no  mention  is  made  of  any  serration  of  the  posterior  border. 
Some  confusion  exists  in  the  description  in  consequence  of  taking 
the  incisors  for  canines. 

The  present  tooth  does  not  appear  to  belong  to  any  known  rep- 
tilian genus  from  the  Russian  Permian  rocks,  and  we  must  conse- 
quently wait  for  the  announcement  of  further  discoveries. 

Incisor  of  Deuteroaaurva  hiarmicus, — This  is  shown  by  Fig.  2  in 
our  Plate.  It  is  a  krge  tooth,  with  the  crown  anteriorly  elevated 
into  a  point,  and  posteriorly  bulging  out  into  a  swollen  protuberance 
superficially  rugose.  On  the  protuberance  the  rugsd  are  furrowed 
transversely.  They  pass  up  and  over  the  top  of  the  posterior  part 
of  the  crown,  subsiding  as  they  approach  the  acuminate  summit,  the 
front  and  sides  of  which  are  smooth.  The  whole  tooth,  crown  and 
fang,  with  the  exception  of  the  posterior  protuberance,  is  laterally 
compressed.  Blunt  serrations  exist  along  the  external  edge  of  the 
crown,  decreasing  in  size  and  number  in  the  ascent  of  the  summit. 
The  specimen  being  broken  into  two  pieces,  one  can  see  that  a  pulp 
cavity  extended  backwards  and  upwards  into  the  post-basal  pro- 
tuberance. The  dentinal  structure  is  of  the  ordinary  kind — tubuli 
radiating  from  the  central  cavity.  The  fang  is  hollow  and  its  cavity 
is  occupied  by  the  sandstone  matrix. 

Supposed  Dinosaurian  Tooth, — Fig.  3  is  a  curved  sabre-like  tooth, 
the  posterior  trenchant  edge  less  curved  than  the  anterior  one.  A 
fine  crenation  prevails  all  the  way  down  this  edge.  The  anterior 
border  is  armed  with  a  similar  crenation,  which  ceases  ailer  pro- 
ceeding down  about  three-fourths  of  the  crown.  This  crenation  does 
not  follow  the  median  line,  but  runs  parallel  to  it,  and  terminates 
quite  abruptly.  The  enamel  is  smooth,  a  little  wrinkled  here  and 
there,  and  marked  with  faint  and  fine  longitudinal  striae.  The  base 
of  the  tooth  is  hollow.  Higher  up,  the  pulp  cavity  exists  merely  as 
a  linear  trace. 

The  partial  crenation  reminds  one  of  Megalosaurian  teeth.  It  is 
not  a  character  observed  in  any  of  the  teeth  referred  to  Theriodonts, 
and  is  to  my  mind  suggestive  of  the  existence  of  a  Russiem  Dinosaur- 
ian reptile  in  Permian  times.  It  is  a  thinner,  more  compressed  tooth 
than  Megalosaurian  teeth  generally. 

Huxley,  in  his  paper  on  the  "Classification  of  the  Dinosauria, 
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with  Observations  on  the  Dinosanria  of  the  Trias,"  ^  remarks  on  the 
Dinosanria  of  the  Urals.  He  saspects  Deuterosnurus  will  prove  to 
he  a  Dinosaur.  This,  however,  falls  within  Owen's  Theriodontia,  as 
does  Bhopalodon. 

I  ventare  to  throw  out  the  suggestion  that  the  tooth  now  described 
indicates  a  reptile  of  the  order  Dinosanria. 

All  true  reptilian  (t.e.  distinct  from  amphibian)  remains  from  this 
formation  in  Russia  which  I  have  seen  or  heard  of  are  theriodontine. 
Dinosaurian  remains  are  as  yet  unknown.  The  miner  is  the  sole 
agent  we  can  rely  upon  for  disentombing  these  Permian  reliquiae. 
The  absence  of  natural  sections  in  the  vast  grass-covered  steppes, 
and  the  reputation  which  the  rocks  of  this  age  bear  for  paucity  of 
organic  remains,  as  well  as  the  knowledge  that  the  few  which  are 
derived  from  them  are  of  a  connective  character,  linking  together 
the  Palaeozoic  and  Mesozoic  epochs,  invest  every  additional,  though 
isolated,  discovery  with  unique  interest 

EXPLANATION    OP    PLATE   VIIL 

Fio.  la.  Canine  of  an  anknown  Theriodont  reptile  from  Levsky  mine,  Eargalinsk 
steppe,  lb.  Ic,  Id,  transreree  sections,  \e,  crenation  of  border  mag- 
nified.    I  am  indebted  to  Mr.  Thos.  Bickard  for  the  loan  of  this  tooth. 

Fig.  2.  Incisor  of  Beuterosaurus  biarmicus  (Eichwald),  from  Roshdestvensky  mine, 
Ear?alinsk  steppe. 

Fio.  3.  Supposed  Dinosaurian  tooth  from  the  same  locality. 

The  subjects  of  Figs.  2  and  3  were  generously  presented  to  me  by  Mr. 
Mr.  Robert  Fletcher  of  Lothbury.    All  the  figures  are  natural  size. 


II. — On  the  Origin  of  the  Loess. 
By  Sbakles  V.  Wood,  F.G.S. 

VARIOUS  theories  have  been  advanced  to  explain  the  origin  of 
the  Loess  of  Europe,  Asia,  and  North  America,  the  latest 
having  been  that  of  Mr.  Ho  worth,  in  the  pages  of  this  Magazine. 

Although  possessing  no  knowledge  of  this  formation,  outside  of 
England,  beyond  that  derived  from  the  descriptions  of  those  per- 
sonally acquainted  with  it,  I  have  for  some  time  thought  that  the 
Loess  has  originated  from  an  agency  of  which  I  detect  evidences 
among  those  phenomena  of  the  Newer  Pliocene  period  in  England 
which  I  have  endeavoured  to  trace  in  detail  in  a  memoir  on  that 
subject  laid  before  the  Geological  Society  of  London  ;  but  as  the 
Loess  in  general  is  not  discussed  by  me  in  that  memoir,  I  venture  to 
offer  a  few  observations  on  the  subject  of  it  for  the  consideration  of 
the  readers  of  the  Geological  Magazine. 

It  appears  to  me  that  in  all  arctic  countries  not  occupied  with 
land  ice,  and  where  therefore  the  soil  is  permanently  frozen  to  a 
great  depth,  and  only  the  surface  for  a  depth  of  two  or  three  feet 
annually  thaws,  conditions  must  obtain,  of  which  in  temperate  lati- 
tudes, save  so  far  as  the  sliding  away  of  an  Irish  bog  may  offer  a 
partial  parallel,  nothing  furnishes  any  analogy. 

Although  trees  and  vegetation  gi'ow  freely  during  the  summer  on 
this  small  thickness  of  thawed  surface,  it  is  obvious  that  no  water 

1  Quart.  Joum.  Geol.  Soc.  1870,  p.  72. 
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can  penetrate  the  permanently  frozen  part  below,  and  that  the  water 
arising  from  the  dissolution  of  the  snow,  and  from  the  summer  rain 
which  penetrates  this  thawed  portion,  must  oonyert  it  into  sludge ; 
and  that  having  no  vertical  downward  esoape,  such  as  that  which  in 
climates  where  the  soil  is  not  permanently  frozen  supplies  water 
to  springs,  and  wells,  all  escape  of  the  water  thus  saturating  the 
thawed  surface,  which  evaporation  does  not  account  for,  must  be 
lateral. 

Where  the  material  acted  on  is  porous  sand  or  gravel,  this  lateral 
escape  may  take  place  without  any  diplacement  of  the  material 
itself;  but  in  imperfectly  permeable  material  such  as  clay,  and 
especially  in  such  perfectly  but  slowly  permeable  material  as  lime- 
stone, the  latter  of  which  this  perennial  alternation  of  frost  and  tbav 
must  rupture  and  convert  into  loam  or  marl,  this  escape  cannot,  I 
imagine,  occur  until  the  material  has  become  so  saturated  as  to  be 
mobile.^  In  that  condition  its  tendency  must  be  to  slide  from  higher 
to  lower  positions;  and  thus,  while  accumulating  in  the  lower,  to 
uncover  and  expose  in  a  corresponding  degree  in  the  higher 
positions,  more  and  more  of  what  would  otherwise  be  the  perma- 
nently frozen  portion  to  this  action  of  alternate  thaw  and  frost 

To  this  action  during  the  minor  glaciation  I  have,  in  the  concluding 
part  of  the  memoir  referred  to,  attributed  the  origin  of  the  "  Wiarp  " 
of  Trimmer,  the  "  Trail "  of  Fisher,  and  the  "  handwash  or  formation 
of  great  submergence**  of  Prestwich,  as  well  as   that  amorphous 
Cave-earth  which  has  in  so  many  cases  evidently  found  its  way  into 
the  caves  through  fissures  in  the  rock  from  the  surface  above ;  while 
to  the  same  but  more  prolonged  action  during  the  major  glaciation, 
I  have  referred  the  clay  with  flints,  which  covers  those  parts  of  the 
chalk  of  England  which  were  above  the  line  to  which  the  great 
submergence  that  was  coincident  with  such  glaciation  in  this  country 
reached,  and  were  not  occupied  by  the  land-ice.     Up  to  that  line  the 
waves  as  the  land  gradually  sunk  removed  whatever  of  this  forma- 
tion had  previously  accumulated,  and  as  the  glaciation  endured  for 
only  the  earlier  portion  of  the  emergence,  whatever  formed  during 
that  emergence  below  this  line  was  small  in  quantity,  and  insuf- 
ficient to  give  rise  to  such  a  distinguishable  and  uniformly  dis- 
tributed material  as  occurs  above  it,  and  which  is  susceptible  of 
delineation  on  map.*     Similarly  this  action  during  the  minor  glacia- 
tion has  not  been   sufficiently  prolonged   to  cover  the  surface  in 
general  with  any  considerable  thickness  of  this  material,  or  else,  aa 
England  was  during  that  glaciation  nearly  all  in  the  condition  of 
land,  that  part  of  the  country  of  which  the  surface  consisted  of 
material  favourable  to  the  action  in  question  would  be  enveloped 
by  this  material,  instead  of  its  being  for  the  most  part  confined 

^  I  propose  in  a  subsequent  communication  to  offer  some  remarks  as  to  the  peculiar 
material  which  has  resulted  from  this  action  upon  the  chalk  with  flints,  and  which 
is  not  marl. 

»  It  has  in  fact  been  mapped  by  tlie  Geolopcal  Survey  iii  parts  of  Herts  nnd 
Bucks ;  and  though  I  am  not  aware  that  the  Herts  portion  is  published,  I  have 
been  kindly  allowed  to  examine  the  MS.  sheet  containing  it. 
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ecognizable  quantity  to  certain  spots,  sncli  as  the  hollows 
i  by  the  buried  cliffs  of  the  south  coast,  and  only  thinly, 
rmittently  distributed  elsewhere. 

Lgland,  where  this  formation  has  resulted  mainly  from  the 
n  question  during  the  long  duration  of  the  major  glaciation, 
covers  the  chalk  which  formed  islands  above  the  line  of 
m  submergence,  it  begins  at  the  point  where  the  Chalky-clay 
he  land -ice  of  which  that  clay  is  the  moraine  having  either 
e  case  with  the  Chalk- wold  of  Yorkshire  and  Lincolnshire,) 
)d  tlie  chalk  throughout  the  major  glaciation,  or  (as  is  the 
;h  the  highest  chalk  summits  near  Royston  and  Baldock,) 
i  over  it  during  the  emergence,  and  so  ground  off  this 

and  covered  the  chalk  with  that  moraine  in  lieu, 
the  Loess  of  Continental  countries  appears  to  me  to  have 
3d  in  this  way,  and  for  the  most  part  to  belong  to  that  por- 
he  formation  which  accumulated  during  the  prolonged  rigour 
ajor  glaciation. 

ich  of  it  as  is  represented  by  the  "  Limon  Hesbayen,"  which 
11  Southern  Belgium  as  well  as  a  part  of  Northern  France, 
at   the  line  where  the  Campinian  sand  ceases,  and  covers 

consider  to  have  been  land  during  the  Glacial  period  or 
)art  of  it.  This  sand,  on  the  contrary,  I  have  in  the  first 
the  memoir  already  mentioned  (Quart  Journ.  of  the  Geol. 

1880,  page  477)  referred  to  the  sea  which  by  the  great 
''  and  southerly  depression  of  England  during  the  major 
»n  extended  over  this  country  generally,  from  the  eastern 
it,  to  which  during  the  Crag  it  had  been  confined,  so  as  to 
England  to  a  depth  which  increased  westwards  to  near 
)t  in  North  Wales,  and  southwards  to  near  700  feet  in  Hamp- 
The  part  of  least  depression,  and  where  probably  this  did 
;h  300  feet,  was  North-east  Suffolk  and  East  Norfolk  ;  and 
depression  diminished  still  more  towards  Belgium,  the  sea 

more  and  more  in  that  direction,  until  the  shore  of  it  is 
by  the  line  where  the  Campinian  sand  terminates,  and  the 
Besbayen  sets  in.  The  region  occupied  by  this  sand  appears 
'  represent  a  flat  and  shallow  part  of  the  bottom  of  this  sea, 
lat  which  extended  along  the  shore  of  the  land  at  the  time 
i  represented  by  the  Limon  Hesbayen.  This  flat  bottom  as 
ke  land  duiing  the  slow  recession  of  the  sea,  while  the  more 
engulphed  region  of  England  was  emerging,  also  became 

with  an  Eolian  formation  of  Dunes  raised  by  the  wind  as 
receded  from  the  sand  of  the  shore-line  as  this  gradually  ad- 

from   the   recession  of  the   sea;    for  the   Campinian  sand 

to  lose  its  Eolian  character  downwards,  and  to  pass  at  bot- 
)  gravel  and  shingle.*  The  limit  of  the  Limon  Hesbayen  in 
similarly,  I  think,  marks  the  continuation  of  this  shore  line  ; 
igh  the  evidences  of  this  submergence  have  mostly  been 
.  in  Northern  France,  it  is  hardly  conceivable  that  the  sub- 
en  Broek,  and  Cogels,  Ann,  Soc.  Malacologique  de  Beige,  yoL  liL  «si^t3c^. 


342  S.  V.  Wood— Origin  of  the  Loew. 

mergence,  which  reached  the  elevation  at  which  it  is  traoeahle  in 
the  South  of  England,  shonld  not  have  extended  some  way  over  the 
North-west  of  France ;  and  indeed  gravels  oconr  there  which  appeftr 
referable  to  this,  though,  as  is  the  case  with  the  South  of  England, 
the  action  of  the  waves  during  emergence  have  removed  all  bat  i 
few  patches  of  such  gravel  which  now  remain  to  show  its  original 
outspread  on  this  sea-bottom. 

Over  the  portion  of  France,  therefore,  where  this  submergence 
extended,  the  area  beneath  the  line  of  it  would  be  destitute  of  thv 
atmospheric  formation  of  the  major  glaciation,  in  the  same  way  that 
the  corresponding  part  of  England  is;  but  the  similar  formation 
resulting  from  the  agency  in  question  during  the  minor  glaciation 
would  occur  there ;  and  this  I  take  to  be  the  limon,  or  brick-earth, 
which  covers  the  lower  chalk  plateaux  of  Picardy,  and  which  wrap- 
ping over  the  Picardy  valley  slopes  is  the  same,  M.  de  Mercey 
says/  as  covers  the  Cyrena  gravel  of  the  Somme  Valley,  and  buries 
the  old  Picardy  shore-line,  that  is  to  say,  the  shingle  and  diff  of 
Sangatte,  near  Calais,  thus  corresponding  with  the  material  under 
which  the  ancient  cliffs  of  Brighton,  Isle  of  Wight  Foreland,  Port- 
land, and  Sili  Bay  in  Glamorganshire  are  buried,  which,  like  the 
Picardy  limon,  is  full  of  angular  fragments  of  flint  in  the  chalk 
districts,  and  of  other  stone  elsewhere,  due  to  the  shattering  effect  of 
intense  frost  acting  on  the  moisture  which  penetrates  even  solid  flint 

Tlie  Loess  seems  to  occur  throughout  all  that  part  of  the  Northeni 
hemisphere  which  falls  within  those  latitudes  which  must  have  had 
an  Arctic  climate  during  the  Glacial  period,  and  through  that  part 
only ;  the  molluscan  remains  which  it  has  yielded  being  those  of 
land-shells  alone.  The  land-ice  from  the  moraine  of  which  most  of 
the  Glacial  clays  have  originated,  and  which  protected  the  land  sur- 
face from  the  agency  in  question,  was  confined  to  those  regions,  such 
as  Scandinavia,  Ireland,  Scotland,  and  the  Northern  part  of  England, 
where,  though  the  mountains  were  of  small  altitude,  they  were  close 
to  the  source  of  the  snow — the  Sea,  or  to  those  more  inland  regions 
where  the  greater  mass  and  elevation  of  the  mountains  caused  the 
fall  of  greater  volumes  of  snow  than  the  summer  sun  could  remove, 
and  which  therefore  invaded  and  overwhelmed  the  low  grounds. 
Beyond  these  regions,  and  embracing  by  far  the  larger  part  of  the 
Europeo-Afiiatic  continent,  were  those  where  the  snowfall  was  less 
than  the  summer  sun  could  remove,  and  consequently  no  land  ice ; 
and  here,  under  the  intense  Siberian-like  climate  of  the  time,  the 
action  in  question  went  on.  In  North  America  the  Loess  extends 
apparently  over  the  region  drained  by  the  Mississippi  and  its 
numerous  tributaries,  and  sets  in  where  the  evidences  of  the 
land  ice,  which  seems  to  have  filled  the  whole  of  St  Lawrence  and 

^  Bulletin  de  la  Soci^te  Linn6enne  du  Xord  de  la  France,  p.  303.  As  M.  de 
Mercey  describes  this  limon  as  reaching  from  nearly  the  bottoms  of  the  Tallejd  ia 
Picardy  to  elevations  of  more  than  200  metres,  and  on  the  plateaux  as  attainmg  a 
thickness  of  30  metres,  I  infer  that  part  of  it,  like  the  clay  with  flints  in  England, 
originated  chiefly  during  the  major  glaciation  on  that  part  of  the  chalk  with  flints 
which  was  above  the  line  of  submergence  during  some  part  at  least  of  the  period  of 
this  glaciation. 
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Tjake  basin,  and  oovered  the  Adirondack  Monntains,  terminate. 
This  Loess  in  the  Mississippi  valley  teems  (according  to  Sir 
C.  Lyell,  in  Antiquity  of  Man,  p.  237)  with  land-shells,  and 
occasionally  graduates  near  the  rivers  into  a  subjacent  and  more 
stratified  deposit  containing  freshwater  shells. 

I  have  made  these  observations  as  brief  as  possible,  both  because 
my  knowledge  of  the  Loess  is  limited  in  the  way  already  mentioned, 
and  because  I  desire  to  offer  them  as  tentative  only ;  but  I  incline 
very  strongly  to  the  belief,  now  less  in  fashion  than  it  was,  that  the 
explanation  of  Greological  phenomena  is  to  he  sought  in  causes  still 
existing,  rather  than  hy  resort  either  to  causes  wholly  supposititious, 
or  only  now  found  to  he  in  action  to  some  very  subordinate  extent. 

III. — The  Loess — a  Bbjoindeb. 
By  Henet  H.  Ho  worth,  F.S.A. 

TTTHATEVER  the  result  of  this  controversy,  your  readers  will  not 
T  Y  be  ungrateful  to  me  for  having  been  the  means  of  drawing 
from  such  a  distinguished  explorer  and  geologist  as  Baron  von 
Bichthofen,  the  vigorous  defence  of  his  views  which  appears  in  the 
last  Number  of  the  Geologtoal  Magazine.  The  admirable  work  he 
has  done  in  China  it  would  be  an  impertinence  in  me  to  praise ;  but 
1  may  be  allowed  to  say  that  a  large  part  of  it  will  outlive  any 
ephemeral  discussions  about  the  Loess — discussions  in  which  there 
must  be  a  considerable  element  of  doubt,  whatever  theory  is  adopted. 
I  cordially  thank  Baron  von  Bichthofen  for  the  kindly  terms  in  which 
he  refers  to  my  writings  on  the  history  of  the  Mongols.  Having  done 
so,  I  would  express  a  feeling,  shared  perhaps  by  others  than  myself, 
that,  when  discussing  my  views  about  the  Loess,  which  were,  1  hope, 
stated  in  deferential  language,  it  was  hardly  necessary  to  adopt 
expressions  which  are  not  quit«  judicial.  The  polemical  vocabulary 
of  Grermany  is  proverbially  somewhat  tropical,  and  seems  to  some  of 
us  to  be  more  adapted  to  religious  and  political  strife,  where  feeling 
plays  a  large  part,  than  to  the  dissection  of  cold  scientific  facts,  where 
neither  authority  nor  vigorous  assertion  avails  much.  Especially  is 
this  so  in  addressing  a  cultivated  audience  like  that  which  your 
pages  are  likely  to  reach.  If  Baron  von  Bichthofen*s  theory  had 
been  generally  accepted  in  the  scientific  world,  a  little  emphatic 
dogmatism  might  be  overlooked;  but  as  this  is  the  very  opposite  of 
the  fact,  and  the  only  difference  between  us  is,  that  while  he  is  a 
distinguished  heretic,  I  am  an  obscure  one,  it  seems  to  follow  that 
the  most  seemly  language  for  each  party  to  use,  especially  for  the  one 
who  has  every  claim  to  a  wide  reputation,  is  that  of  sobriety,  if  not 
of  hesitation. 

Turning  from  the  manner  to  the  matter  of  Baron  Bichthofen's 
paper,  I  confess  to  being  greatly  surprised.  It  is  quite  true  that  his 
work  upon  China  is  incomparable  in  its  way,  and  will  become  a 
K^lassic ;  but  he  is  not  the  only  writer  who  has  dealt  with  the  Chinese 
Loess  after  a  long  and  familiar  acquaintance  with  it  Father  David, 
irhose  admirable  papers  in  the  Nouvelles  Archives  du  Musi^^ioi 
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d'Histoire  Naturelle,  are  Tery  widely  known,  has  traTelled  over 
perhaps  quite  as  extensive  a  traot  in  China,  and  has  examined  the 
prohlem  of  the  Loess  there  with  a  special  view  to  Baron  Kiohthofen's 
theory,  and  has  not  only  written  ahout  it,  but  has  written  Tery 
strongly,  as  Mr.  Kingsmill  has,  against  it;  while  if  we  turn  to 
America,  where  the  Loess  deposits,  the  consideration  of  which  I 
wished  to  postpone  to  a  later  paper,  are  so  extensive,  there  has  been 
a  very  wide  discussion  of  the  same  problem,  and  with  the  exception, 
perhaps,  of  Mr.  Clarence  King  and  Professor  Pnmpelly,  a  genend 
consensus  of  opinion  completely  adverse  to  Baron  von  Bichthofen. 
If  authority  **qua  authority^*  were  of  any  avail  in  such  a  con- 
troversy, this  would  be  a  fair  way  of  meeting  the  position  he  main- 
tains ;  but  for  one  heretic  to  quote  authority  against  another  is  not 
very  conclusive.  Let  us,  therefore,  brush  aside  these  appeals  on 
either  side,  and  grapple  more  closely  with  the  problem  itself,  which 
is  admittedly  a  very  difficult  one. 

With  the  first  pages  of  Baron  Bichthofen's  paper  I  haye 
virtually  no  controversy.  He  merely  condenses  and  states  in 
clear  tabulated  form,  what  I  urged  in  more  diffuse,  and  perhaps  not 
such  clear  language.  About  the  twelve  characteristic  peculiarities 
of  the  Loess  which  he  refers  to  there  is  no  difference  of  opinion,  save 
in  regard  to  the  first  and  the  eleventh,  to  which  I  shall  refer 
presently,  and  I  mostly  completely  agree  with  the  dictum  that 
neither  the  sea,  nor  lakes,  nor  rivers,  could  deposit  the  Loess  at 
altitudes  of  8000  feet  on  hill-sides.  This  was  the  burden  of 
three-fourths  of  my  paper,  which  I  reiterated  more  than  once,  and 
which  seems  to  me  to  be  incontrovertible. 

Again,  when  the  term  subaerial  is  used  by  Baron  Bichthofen  as 
covering  his  position,  there  must  be  no  mistake  about  my  own 
meaning.  I  have  no  doubt  whatever  that  the  Mammoth  and  his 
companions,  that  the  land  shells  and  the  debris  of  vegetables  found 
in  the  tufas,  are  as  clear  proofs  that  the  conditions  in  which  they 
lived  were  subaerial,  as  the  same  series  of  remains  is  in  the  case 
of  the  brick-earths  and  the  loams.  In  all  these  cases  the 
remains  prove  the  existence  of  subaerial  conditions,  and  not 
subaqueous  ones,  where  the  animals  and  plants  lived.  I  believe, 
further — and  the  view  is  fully  held  both  by  French  and  American 
as  well  as  by  our  own  geologists — that  the  animal  and  vegetable 
contents  of  the  Loess,  as  well  as  its  stratigraphical  position,  prove 
that  it  belongs  to  precisely  the  same  horizon  geologically  as 
the  loams,  brick-earths,  and  the  so-called  diluvium.  All  this  I  have 
never  hesitated  to  urge.  The  ground  I  have  taken  is,  that  at  the 
epoch  when  Palaeolithic  man  lived,  there  was  a  tolerably  uniform 
deposit  over  central  and  southern  Europe,  representing  the  old  land 
surfaces  on  which  the  Mammoth  and  his  companions  passed  their 
lives,  represented  as  to  texture,  ingredients,  and  contents  in  its  most 
unsophisticated  form  by  our  lower  brick-earths  and  the  diluvium 
gris  of  the  French  writers.  The  whole  being  of  subaerial  origin, 
this  homogeneous  deposit  was  presently  sophisticated  in  two  wajs. 
When  the  catastrophe  came — which  I  have  adduced  a  very  con- 
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riderable  array  of  evidence  to  show  closed  the  Mammoth  period 
and  formed  that  notable  gap  which  is  universally  acknowledged 
by  archfleologists  between  Palaaolithic  man  from  Neolithic  man,  the 
loams  were  largely  redistributed  and  rearranged,  remani^s  as  the 
French  call  it,  while  at  the  same  time  there  was  an  outpouring  of 
a  considerable  amount  of  subterranean  mud  in  certain  districts, 
which  was  mixed  with  the  subaerial  surface  deposits,  and  with  the 
debris  of  animals  and  plants  then  living  on  the  surface,  and  thus 
constituted  the  Loess.  The  Loess,  therefore,  in  this  view,  is  a 
subaerial  deposit  sophisticated  and  altered  by  a  flood  of  calcareous 
mud  or  water  charged  with  mud,  and  distributed  as  we  find  it  by 
an  impelling  wave  of  water.  It  will  be  seen,  therefore,  that  the 
question  between  us  is  not  as  to  whether  the  deposit  is  subaqueous 
or  subaerial,  but  whether  the  particular  subaerial  theory  of  Baron 
Richthofen  and  the  peculiar  atmospheric  agencies  appealed  to  by 
him  are  competent  to  explain  the  constitution  of  the  Loess  and  its 
distribution ;  and  if  not,  whether  the  subterranean  origin  of  a  large 
portion  of  it  is  possible,  and  whether  its  distribution  by  a  flood  of 
waters  is  not  an  hypothesis  which  more  completely  explains  the  facts. 

Baron  Richthofen  complains  that  I  did  not  quote  directly  from  his 
book.  That  most  valuable  book,  which  I  looked  through  some  time 
ago  with  mingled  admiration  and  envy,  was  certainly  not  by  my  side. 
I  have  not  a  copy  of  it,  nor  is  there,  unfortunately,  a  copy  of  it 
available  for  reference  in  these  parts ;  but  I  appeal  with  every  con- 
fidence to  your  readers,  who  may  examine  the  Baron's  restatement 
of  his  case,  whether  I  either  mis-stated  or  misunderstood  it.  It  will 
be  conceded  by  those  who  do  so  examine  it  that  every  point  of  any 
importance  he  now  urges  was  perfectly  present  to  me  when  I  wrote, 
and  was,  as  I  think,  fairly  met  On  the  (tther  hand,  it  seems  very 
clear  that  Baron  Richthofen  has  only  read  one  paper  out  of  a 
considerable  series  which  I  have  contributed  to  your  pages,  all  of 
them  aiming  at  one  conclusion,  all  of  them  supporting  one  thesis, 
and  whose  force,  if  they  have  any,  depends  on  their  cumulative 
character.  Perhaps,  if  he  does  me  the  great  favour  of  replying  to 
this  communication,  he  will  first  look  over  the  papers  which  pre- 
ceded and  have  succeeded  that  dealing  with  the  Loess. 

The  first  point  to  which  I  would  call  attention  is  that  we  are 
completely  at  issue  about  the  kind  of  sun-oundings  which  the  debris 
of  the  Loess  fauna  show  must  have  existed  when  that  fauna  was 
living.  Baron  Richthofen  says,  **  The  genera  and  mostly  the  species 
of  mammals  found  in  the  Loess,  or  their  next  relatives,  are  known 
to  abound  at  present  in  steppes  and  on  grtwsy  plains."  Is  this  so  ? 
The  Mammoth,  it  has  been  well  said,  would  starve  in  a  few  days  on 
the  richest  Craven  pasture.  The  Elephant  and  his  nearest  relatives 
cannot  browse  upon  the  herbage  of  steppes  or  grassy  plains.  Its 
natural  habitat  is  the  forest,  its  natural  food  —  the  succulent 
branches  of  trees,  and  we  actually  know,  as  is  most  familiar  to 
Baron  Richthofen,  that  both  the  Mammoth  and  the  Rhinoceros  ticho- 
rhinus  did  live  upon  the  softer  portions  of  trees,  for  remains  of  their 
food  have  been  preserved  and  examined.    These  are  the  characteristic 
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quadrapeds  of  tlie  Loess,  and  with  them  occur  other  forest  animals. 
If  we  turn  from  the  mammals  to  the  molluscs  in  the  Loess,  the  very 
large  proportion  of  which  are  land  shells,  the  same  conclusion  is 
inevitahle.  Those  conchologists  who  are  best  able  to  decide  such  a 
question  agree  that  the  Helices  and  other  shells  of  the  Loess  lived 
in  the  recesses  of  damp  woods,  and  their  abundance  proves  the  con- 
ditions to  have  been  singularly  favourable  to  them,  namely,  those 
of  a  humid  atmosphere  and  of  deep  shade. 

I  have  quoted  European  authorities  for  this  view  whose  experienoe 
is  overwhelming.  Let  me  add  to  them  that  of  my  correspondent, 
Prof.  Todd.  Speaking  of  the  abundance  of  land  and  the  paucity  of 
aquatic  shells  in  the  American  Loess,  he  says:  ** However,  some 
semi-aquatic  species,  as  Suecineas  and  Helicinas,  are  very  abundant 
from  top  to  bottom  of  the  formation,  and  the  decidedly  aquatio 
Limnea  humiHs  is  quite  abundant  in  the  Upper  Loess  of  Western 
Iowa.  This  is  sufficient  to  show  that  the  formation,  so  far  as  this 
region  is  concerned,  could  not  have  been  so  dry  as  is  called  for  by 
Kichthofen's  theory.  Even  the  land  shells  observed  need  a  much 
moister  region  than  our  upland  prairies  in  their  present  conditions. 
Some  of  them  are  not  found  at  all,  away  from  moist  banks  or  groves." 
Again,  *'  I  think  no  one  can  study  the  life  of  the  Missouri  Loess  with- 
out seeing  that  it  bears,  throughout,  evidence  of  a  moist  climate,  the 
very  opposite  of  the  Baron's  ideal." — (liichthofen's  Theory  of  the 
Loess,  by  J.  E.  Todd,  p.  6.) 

The  evidence  of  the  mammals  and  shells  is  supported  also  by  the 
debris  of  vegetation  in  the  tufas,  which  prove  the  former  existence 
tliere  of  luxuriant  forests.  All  this  is  entirely  at  issue  with  the 
Baron's  postulate,  and  in  fact  cuts  the  ground  from  beneath  it.  I 
referred  to  it  in  my  paper,  but  he  does  not  notice  it  in  his  reply. 

The  existence  of  thick  moist  woods  is  assuredly  inconsistent  with 
the  dry  winds  and  dry  grass  pastures  which  he  requires  for  his  theory, 
inconsistent  also  with  the  prevalence  on  any  scale  of  those  dust- 
storms  which  he  postulates,  and  perhaps  the  best  proof  of  this  is  that 
while  the  Loess  is  such  an  exceedingly  fertile  soil,  in  North  China, 
where  local  dust-storms  prevail  largely,  nothing  is  more  remarkable 
than  the  virtual  absence  of  trees  over  many  degrees  of  latitude — a 
circumstance  which  the  P^re  David  has  made  much  comment  upon. 

We  have  not  yet  done  with  the  fossil  contents  of  the  Loess.  In 
certain  places,  as  we  have  urged  over  and  over  again,  the  remains 
of  the  animals  are  found  intact,  showing  that  they  could  not  have 
been  transported  very  far.  In  other  cases  they  are  found  buried  in 
hecatombs.  In  others  again,  and  most  frequently,  the  bones  are 
found  sporadically  and  much  scattered.  In  all  cases,  as  we  have 
tried  at  very  considerable  length  to  show,  they  present  evidence 
of  having  been  largely  disturbed  and  transported.  How  could  such 
agencies  as  the  Baron  invokes  explain  the  presence  of  great  heca- 
tombs of  animals  buried  pell-mell  together,  or  the  presence  in  some 
cases  of  whole  skeletons  of  Mammoths  and  Bhinoceros,  or  explain 
in  others  the  dispersal  of  their  bones.  All  these  factors  are  incon- 
sistent with  continuous  gentle  atmospheric  agencies  only  and  with 
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the  aGcnmulations  of  vast  depths  of  Loess  tbrougli  which  the  bones 
are  distributed  irregularly,  and  I  must  repeat  that  I  cannot  conceive 
how  the  wind  could  transport  them  or  the  dust  bury  them  intact, 
unless  the  meteorological  conditions  were  entirely  different  from 
those  now  in  existence,  and  quite  transcendentaL 

Let  us  now  turn  to  the  structure  of  the  Loess.  Baron  Bichthofen 
accepts  the  theory  which  makes  the  ramifying  calcareous  tubes 
found  in  the  Loess  to  be  the  root  impressions  of  grasses,  and  bases 
a  good  deal  of  deduction  upon  it.  The  theory  that  they  are  so,  and 
are  not  due  to  calcareous  filtration,  is  at  present,  however,  very 
much  in  need  of  evidence,  and,  to  my  mind,  has  utterly  collapsed, 
I  would  add  to  what  I  said  on  this  subject  in  a  previous  paper,  that 
if  these  tubes  were  mere  casts  of  roots,  we  ought  assuredly,  in  regard 
to  9k  forest  flora,  to  find  any  number  of  casts  of  tree  roots,  and  roots 
of  lierhaceouA  plants,  which  are  so  easily  discriminated ;  but  we  find 
none  of  these — only  the'  ramifying  fine  tubes  which  have  been  called 
grass  roots,  but  which,  to  my  mind,  have  nothing  whatever  to  do 
with  grass  roots,  but  are  due  to  the  percolation  of  water  charged 
with  calcareous  matter.  This  is  further  supported  by  the  fact  that 
they  do  not  occur  where  the  Loess  has  a  dense  hard  structure — only 
where  it  is  porous ;  that  they  occur  chiefly  near  the  surface,  and 
diminish  in  size  as  we  go  down,  which  is  the  exact  result  we  should 
expect  from  percolating  threads  of  water  acting  on  a  deposit  highly 
charged  with  carbonate  of  lime,  and  inconsistent  with  a  deposit 
gradually  growing  higher,  while  the  plants,  whose  roots  the  tubes  are 
supposed  to  be,  were  continuously  being  buried  by  additions  of  wind- 
borne  dust.  In  regard  to  the  features  just  named,  Mr.  Todd 
(who,  by  the  way,  does  not  question  their  being  root-marks) 
says  :  **  They  may  be  said  to  vary  inversely  as  their  distance  below 
the  surface.  Near  the  surface,  besides  being  most  abundant,  larger 
ones  are  found.  At  the  depth  of  30  or  40  feet,  they  are  very  minute 
and  rare.  None  have  been  found  iower  than  about  45  feet,  although 
several  favourable  localities  have  been  examined  "  (Todd,  op.  dU  p.  8). 

The  concretions  that  occur  in  the  Loess  add  very  considerably  to 
the  weight  of  evidence  which  makes  these  tubes  to  be  the  results 
merely  of  percolating  water,  for  these  concretions  are  clearly  the 
result  of  the  same  agency  acting  slightly  differently.  In  regard  to 
these  concretions,  I  shall  be  pardoned  for  quoting  a  graphic  description 
by  my  correspondent,  Prof.  Ellsworth  Call.  He  says:  "They  assume 
all  possible  shapes  from  the  spherical  through  the  spheroidal  to  the 
oblong ;  in  all  cases  they  are  more  or  less  numerously  studded  with 
roughened  projections.  No  one  shape  seems  to  obtain  more  than 
another,  and  not  unfrequently  several  are  found  cemented  together, 
forming  an  eccentric  single  mass.  They  are  certainly  characteristic 
of  the  Loess,  for  that  formation  nowhere  occurs  without  their  presence. 
They  are  decidedly  hydraulic^  as  would  be  naturally  inferred  from 
their  constitution.  In  no  case  have  I  ever  observed  fossils — either 
mollusks  or  vegetable  matters  —  acting  as  a  nucleus.  On  one 
occasion  2803  of  these  bodies  were  crushed  with  that  especial  point 
in  view.    In  nearly  every  instance,  2789,  they  were  found  to  contain 
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loose  fragments  broken  by  some  means  from  their  inner  walls,  bat 
no  foreign  substance  whatever  oould  be  detected.  In  the  remaining 
14  specimens,  while  the  concretions  were  hollow,  they  yet  contained 
loose  particles  of  no  substance  whatever.  Not  a  single  specimen 
was  solid  throughout  That  they  were  originally  solid,  or  of  a  pcutfi 
consistency,  is  not  to  be  doubted,  as  a  study  of  the  inner  surface  reveals. 
They  all  present  a  deeply  fissured  interior  consequent  on  the  evapora* 
Hon  of  water  and  sflbsequent  contraction.  In  the  vast  majority  of 
oases  the  pyramidal  masses  of  the  interior  showed  distinct  irregularly 

concentric  lines  of  growth,  or  rather  of  accretion Professor 

J.  D.  Whitney  says  of  them  that  they  '  have  been  formed  in  the  Loess 
by  infiltration  along  the  lines  of  cleavage  and  resultant  chemical  action 
on  calcareous  matter  occurring  in  large  quantity  along  certain  planes* " 
Q^e  Loess  of  North  America  (American  Naturalist,  May,  1882,  pp. 
873  and  374).  To  return  to  the  tubes.  I  see  no  evidence  whatever 
in  them  to  support  the  wind  theory  of  Professor  Richthofen,  nor  do 
I  8ee  any  either  in  the  peculiar  quality  of  the  Loess,  by  which  it 
cleaves  in  perpendicular  faces,  which  is  no  doubt  due  to  the  presence 
of  calcareous  matter  in  excess,  and  to  the  presence  of  these  very 
tubes.  Wherever  we  can  trace  current  and  unmistakable  wind 
formations,  such  as  dunes,  etc.,  etc.,  we  have  no  such  cleavage  pro- 
perties, and  I  cannot  see  how  Baron  Richthofen  proposes  to  connect 
them  with  his  predicate. 

Again,  the  Loess  for  the  most  part  is  completely  nnstratified. 
Occasionally,  especially  in  America,  there  are  local  areas  where 
a  kind  of  stratification  occurs,  but  these  are  very  local,  and  I  shall 
return  to  them  presently.  This  absence  of  stratification  I  quoted 
myself  as  a  proof  that  the  Loess  is  neither  of  marine,  lacustrine,  nor 
fluviatile  origin.  It  is  assuredly  equally  a  proof  that  it  is  not  due  to 
gradual  accumulation  by  the  wind.  Dunes  accumulated  by  the  wind 
are  so  easy  to  study  that  we  have  no  difficulty  in  finding  materials, 
and  assuredly  they  present  quitfe  a  different  structure  to  Loess. 
Deposits  made  by  wind,  especially  when  made  as  Baron  Richthofen 
suggests,  in  dry  seasons  alternating  with  wet  ones,  have  a  laminar 
structure  corresponding  to  the  series  of  layers  deposited,  just  as  de- 
posits made  by  water  have.  Nor  should  we  find  homogeneous  masses 
several  hundred  feet  thick  with  the  same  structure  and  the  same 
contents  as  the  results  of  such  a  series  of  seasonal  dej^osits.  These 
masses,  to  my  mind,  bear,  on  the  contrary,  unmistakable  evidence  in 
their  very  structure  of  having  been  deposited  by  one  great  effort,  and 
under  one  set  of  conditions.  Again,  wind  acting  upon  dust  or 
sand,  deposits  it  with  a  very  well-marked  contour  in  dunes  and  sand 
hills,  especially  when  the  sand  is  arrested  by  grasses  (a  fortiori  by 
forests  of  trees),  and  forms  great  masses  of  rolling  sand  hills  on  the 
weather-side  of  any  area  subject  to  sand  drifts.  Where  are  such 
phenomena  to  be  traced  in  the  structure  of  the  Loess  deposits  ?  No 
doubt,  in  certain  localities  where  the  wind  has  recently  and  is  even 
now  disturbing  the  surface  layers  of  Loess,  we  get  such  wind 
structure ;  but  this  is  purely  local,  and  to  be  explained  as  just 
mentioned. 
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Professor  Angbey  speaks  of  this  wind-structure  in  some  of  the 
Loess  hills  on  the  Logan,  Elkhom,  Loup,  and  Republican  rivers.    He 
says,  *'  This  structure  is  often  found  tbere  as  distinct  as  among  tbe 
shifting  sands  of  our  sea-coast      Li  every  case,  however,  where  I 
examined  this  structure  in  the  Loess,  J  found  it  to  be  superficial. 
Out  of  nineteen  such  hills  none  of  them  possessed  this  structure  over 
ten  feet  deep,  and  few  of  them  over  five  feet,  and  many  of  them 
only  from  two  to  three  feet  deep.     In  the  deep  canons,  where  the 
Loess  is  exposed  vertically  from  one  hundred  feet,  I  have  never 
found  this  wind -structure  over  ten  feet  deep.     It  occurs,  therefore, 
only  in  the  Loess  that  has  been  recently  modified  by  winds,  and 
long  after  it  was  first  deposited"  (Sketches  of  the  Physical  Geo- 
graphy, etc.,  of  Nebraska,  p.  274).   It  would  be  difficult  to  find  a  more 
striking  proof  that  the  Loess  was  not  originally  distributed  by  the 
wind  than  the  fact  that  it  so  readily  assumes  a  wind-structure,  and 
yet  that   this  peculiarity  is  only  traceable  in  the  superficial  layers 
where  the  current  winds  have  acted  upon  it     Again,  wind  driving 
dust  and  sand  in  a  definite  direction,  as,  for  example,  from  the 
Mongolian  steppes  towards  China,  would,  in  crossing  such  a  broken 
district  as  the  long  tract  of  mountains  bordering  the  valley  of  the 
Yellow  River  on  the  north,  leave  unmistakable  traces  of  its  passage. 
It  would  strip  the  high  ground  completely  and  choke  up  the  valleys, 
especially  those  parts  of  the  valleys  under  the  lea  of  the  mountains ; 
but  nothing  of  this  sort,  if  we  are  to  follow  the  careful  observations 
of  Pere  David  and  others,  occurs ;  but  the  Loess  is  generally  deposited 
in  a  mantle,  as  one  American  writer  says  like  a  blanket,  washed  evenly 
over  the  surface,  and  not  piled  up  in  drifts  in  those  places  where  the 
force  of  the  wind  could  not  move  it     Again,  such  a  vnnd  would 
assuredly  sift  the  materials,  dropping  the  heavier  ones  first,  and 
carrying  the  lighter  ones  further  away ;  but  this  is  not  what  we  find, 
the  texture  is  the  same  throughout  and  throughout,  heavy  grains 
of  quartz  and  particles  of  mica  occur  confusedly  among  the  finer 
siliceous  dust,  as  Baron  Richthofen  himself  says.     Again,  the  process 
described  by  the  Baron  would  surely  rub  down  the  particles  of  dust 
by  trituration  against  one  another,  and  make  them  rounded   and 
weathered,  whereas,  as  he  has  remarked  in  China,  and  other  ob- 
servers in  America,  a  remarkable  feature  of  the  Loess  is  the  sharp- 
edged  and  angular  particles  out  of  which  it  is  formed. 

Baron  Richthofen  explains  the  Loess  as  composed  partially  of 
dust  brought  in  by  winds  and  partially  as  the  result  of  the  decay 
of  grasses  and  other  vegetable  matter.  The  proof  of  the  existence 
of  these  grasses  lie  finds  in  the  calcareous  tubes  we  have  mentioned. 
But  apart  from  the  reasons  we  have  urged  against  the  capillary  tubes 
being  treated  as  casts  of  roots,  upon  which  a  good  deal  of  the  reason- 
ing in  regard  to  the  vegetable  debris  in  the  Loess  depends,  we  must 
remember  that  the  various  analyses  that  have  been  made,  especially 
of  the  American  Loess,  show  tbat  there  is  hardly  a  trace  of  carbona- 
ceous matter  in  it — assuredly  a  ver}^  strong  proof  that  the  amount  of 
material  due  to  decayed  vegetation  in  the  Loess  is  hardly  appreciable. 
This  is  true  also  of  the  black  earth  of  Russia,  and  is  in  very  marked 
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contrast  with  the  beds  of  real  bumus  intercalated  with  the  Loess 
in  certain  places  (see  Aughey,  op.  cit,  p.  176). 

No  donbt  in  Mongolia  we  bave  a  bigb  plateau  covered  witb  thin 
grasses,  and  no  doubt  thin  grasses  will  arrest  moving  dust  This 
is  a  mere  parallel  to  the  office  performed  by  the  various  siliceous 
grasses  in  forming  the  dunes  and  sand  hills  of  Holland ;  but  the  sand 
itself  in  Holland  comes  ready  made,  and,  as  I  understand  Banm 
Richthofen,  the  surface  of  the  Gobi  is  formed  of  Loess  ready  made, 
the  grass  merely  arrests  it  in  certain  places  when  it  is  moving,  it 
does  not  help  to  make  it.  What  we  want  to  know  is,  how  and  where 
it  was  or  is  being  made  either  formerly  or  now.  Let  us  now  turn  to 
the  European  deposits  of  Loess.  Whence  did  the  wind  bring  them  ? 
They  were  clearly  not  made  in  situ  by  the  wind  acting  on  the  drift 
deposits  and  gravels  underlying  the  Loess.  Whence  then  did  they 
come? 

If  we  turn  east,  west,  north,  or  south  of  the  great  area  of  Earo- 
pean  Loess,  whence  are  we  to  derive  the  dust  which  formed  its  basis 
according  to  Baron  Sichthofen  ?  Wind  blowing  over  grass  pastures 
takes  no  dust — it  must  be  over  bare  ground ;  but  where  are  we  to 
find  such  anywhere?  Again,  if  all  the  grass  of  the  Russian  or 
French  plains  was  taken  off,  Baron  Richthofen  will  not  argue  that 
wind  blowing  over  the  ordinary  loam  known  as  diluvium  or  over 
the  chemozom  would  carry  off  dust  which,  when  deposited,  would 
be  Loess.  All  this  surely  demands  some  answer,  as  does  the 
cardinal  problem,  that  the  Loess  is  a  limited  deposit  in  Europe  with 
sharp  boundaries,  especially  towards  the  north.  I  can  nowhere  find 
an  answer  to  this  critical  question  in  Baron  Richthofen's  paper. 
Suppose  we  could  find  such  a  source  for  the  dust,  still  our  difficulties 
would  not  be  ended ;  for  the  problem,  as  solved  by  Baron  Rich- 
thofen, requires  that  we  should  have  quite  exceptional  conditions 
besides.  Take,  for  example,  the  demands  upon  our  credulity  involved 
in  the  following  sentence  in  his  own  paper:  "The  Loess-covered 
portions  of  Europe  extend,  as  is  well  known,  from  the  Pyrenees,  the 
Alps,  and  the  Balkan  in  the  south,  to  Belgium,  the  North  German 
plains  and  Poland  in  the  north,  and  from  southern  France  in  the 
west  to  beyond  the  limits  of  the  continent  in  the  east.  Every  por- 
tion of  this  entire  region  must  have  had  the  character  of  a  steppe 
during  a  sufficient  length  of  time  to  allow  the  deposit  to  be  formed 
in  at  least  such  thickness  as  we  observe  at  present"  (op,  cit,  301). 
Where  have  we  any  evidence  to  support  such  an  extraordinary  pos- 
tulate ?  Where  is  the  evidence  that  this  large  portion  of  Europe  was 
a  dry  grassy  steppe  when  the  Helices  and  other  damp-loving  molluscs 
were  living  here  ?  These  and  the  debris  of  plants  in  the  tufas  are 
very  much  better  tests  of  the  climatic  conditions  than  hypothetical 
appeals  to  a  continental  climate  induced  by  Europe  being  prolonged 
as  far  as  the  hundred  fathom  line,  as  if  the  presence  of  sea  shells 
mingled  with  tliose  of  the  land,  and  with  Mammoth  remains,  at  the 
mouth  of  the  Somme,  and  at  several  points  on  our  own  coasts,  do  not 
prove  such  a  postulate  to  be  out  of  the  question  at  this  particular 
epoch.     In  Europe,  therefore,  so  far  as  we  know,  there  is  no  area 
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"whenoe  the  dust  oould  come,  and  there  is  abundant  evidence  that 
the  dry  steppe-climate  of  Baron  Richthofen  is  virtually  out  of  the 
regions  of  possibility.     But  he  makes  still  greater  demands  on  our 
faith  when,  not  content  with  speaking  of  a  steppe  dimate,  he  speaks 
of  such  steppes  as  if  they  were  the  equivalents  of  or  had  any 
analogy  with  the  Siberian  tundras,  and  treats  the  two  as  if  they 
"were  the  same  thing.     The  tundras  are  as  different  to  steppes  as 
anything  can  be ;  they  are  covered  with  thick  moss,  and  can  neither 
be  denuded  by  winds  nor  have  their  substance  increased  by  them. 
They  are  essentially  exceedingly  humid,  and  quite  different  to  the 
dry  areas  he  otherwise  speaks  of.     Surely  we  require  some  explana- 
tions of  these  extraordinary  statements.     Here  let  me  say  paren- 
thetically, that  Baron  Richthofen  cannot  be  serious  in  urging  that 
the  proof  of  the  identity  of  the  Pleistocene  fau]aa  of  Europe,  in- 
cluding that  of  the  Loess,  with  that  buried  under  the  tundras,  was 
reserved  for  Dr.  Nehring.     Has  he  forgotten  the  name  of  Ouvier, 
to  select  only  a  very  big  name  from  a  large  crowd,  who  proved  this 
elementary  position  long  before  Dr.  Nehring  was  born  ?   Nor  as- 
suredly can  he  be  serious  in  supposing  that  when  the  Fig,  the  Cyrena  . 
fiumtnalia,  and  the  Hippopotamus  lived  in  Europe,  the  climate  here 
was  like  that  now  current  on  the  lower  Obi  and  Yenissei.    If  he 
really  urge  this,  in  view  of  all  the  facts  and  the  matured  opinions  of 
the  Russian  naturalists  which  I  have  brought  together  in  the  earlier 
papers  of  this  series,  then  I  have  nothing  more  to  say. 

Baron  Richthofen  postulates  two  climatic  conditions  as  having 
succeeded  one  another  in  regions  where  Loess  prevails,  one  marked 
by  extreme  dryness,  the  other  by  great  damp.  How  is  this  shown, 
when  both  the  fauna  and  flora  point  to  a  damp  climate  having 
existed  at  the  time  when  Baron  Richthofen  demands  a  very  dry  one  ? 
But  apart  from  this,  we  are  reasonable  in  asking  for  some  foundation 
upon  which  to  rest  such  meteorological  revolutions  in  such  areas  as 
China,  the  valley  of  the  Mississippi,  and  Central  Europe.  It  is 
easy  to  postulate  a  humid  climate  following  a  continental  one,  in 
which  the  conditions  were  almost  the  reverse  of  each  other,  so  long 
as  we  limit  ourselves  to  possibilities  of  thought ;  but  we,  who  are 
morbidly  anxious  for  some  reasonable  explanation  of  our  difficulties, 
must  have  something  more  than  transcendental  predicates.  We 
must  have  inductive  ones.  I  know  that  local  dust  storms  in  North 
China  do  prevail,  as  they  prevail  in  Mongolia  and  in  North  America, 
where  the  Loess  exists ;  but,  as  Professor  Call  says,  the  evidences 
of  such  action  are  purely  local,  and  dust  storms  merely  tend  to 
rearrange  the  surface,  denuding  the  windward,  and  covering  more 
deeply  the  leeward,  bases  and  sides  of  the  hills ;  but  these  winds 
do  not  help  us  to  explain  either  the  origin  of  the  Loess  or  its 
general  distribution. 

There  is  no  evidence  that  the  dust  from  the  Mongolian  steppes  is 
now  adding  to  the  Loess  which  occurs  in  China,  which  is  separated 
from  Mongolia  by  the  well-known  chain  of  mountains  that  runs 
north  of  the  Yellow  River.  But  suppose  it  were,  we  should  be  no 
nearer  solving  our  problem ;  for  Baron  Richthofen  urges  that  the 
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Loess  is  not  being  stripped  from  Mongolia,  bat  is  growing  there  too, 
as  it  is  in  China.  How,  again,  oan  we  understand  a  patch  of  steppe, 
in  the  oentre  of  a  vast  area  of  Loess,  supplying  all  the  oonntry  round 
with  dust,  while  it  is  being  stripped  itself  by  all  the  winds  of  heaTen  ? 
for  we  must  remember  ^at  the  Russians  have  shown  that  in  the 
province  of  Irkutsk,  north  of  the  Gobi  Desert,  Loess  occurs  as  it 
does  in  China.  The  problem  of  deriving  the  main  body  of  the 
American  Loess  from  the  small  area  known  as  the  American  Desert 
would  be  equally  great,  even  if  it  were  proved  that  the  ingredienti 
of  the  Loess  were  ready  there  for  these  winds  to  act  upon.  Again, 
I  must  urge  what  seems  to  have  escaped  Baron  Bichthofen,  that  it 
is  quite  clear  from  every  consideration  that  the  Loess  belongs  to  the 
same  geological  horizon  as  the  diluvium  of  the  French  and  Russian 
writers,  llie  contents,  animal  and  v^etable,  and  the  primitive 
works  of  man  which  it  contains,  as  well  as  its  stratigraphical 
position,  all  prove  this.  Again,  although  the  Loess  differs  from  the 
loams  and  brick-earths  in  its  texture,  and  in  the  abundance  of 
carbonate  which  it  contains,  yet  its  mode  of  distribution,  as  we  have 
shown,  is  essentially  the  same,  both  being  spread  over  high  ground 
and  low,  irrespective  of  the  drainage,  and  being  otherwise  similarly 
distributed.  Any  theory  that  accounts  for  the  distribution  of  the  Loess 
must  also  therefore  explain  the  idiosyncrasies  of  the  loamy  deposits. 
Assuredly  the  wind  theory  of  Baron  Richtbofen  would  even  by 
himself  be  deemed  incompetent  to  explain  the  difficulties  of  the 
brick-earths  and  upland  loams  of  Western  Europe.  Prof.  Aughey 
urges  an  objection  which  is  closely  connected  with  this.  He  says 
very  properly,  that  **  a  fact  often  overlooked  is  the  transition  character 
of  some  beds  of  sand  as  they  shade  into  the  Loess.  As  beds  of 
Loess  and  stratified  sands  at  the  bottom  of  Loess  sections  often 
alternate,  and  even  sometimes  with  strata  of  clay,  it  is  not  easily 
conceivable  how  subaqueous  agency  should  have  formed  the  one, 
and  aeolian  agency  the  other"  (op.  cit  p.  280).  Lastly,  Baron 
Richtbofen  argues  as  if  all  the  debris  found  in  the  Loess  were  sub- 
aerial.  This  is  not  so,  however.  In  America,  in  China,  and  in 
Europe  it  is  quite  true  that  the  land  shells  prevail  largely  over  the 
water  sheila;  but  the  latter  are  certainly  found  in  appreciable 
numbers,  especially  in  the  Loess  of  Iowa,  showing  that  considerable 
lakes  or  rivers  must  have  existed,  which  is  again  proved  by  the 
traces  of  stratification  in  certain  areas.  I  think  the  American 
geologists  exaggerate  the  extent  of  these  lakes  from  overlooking  the 
fact  that  the  Loess  has  been  largely  transported  and  rearranged, 
and  thus  its  contents  have  been  swept  over  a  wide  area  remote  from 
their  original  site  ;  but  it  is  nevertheless  absolutely  clear  that 
evidence  of  such  lakes  exists,  and  such  lakes  in  fact  exist  stilL 

In  Clay,  Fillmore,  York,  and  other  counties,  says  Professor 
Aughey,  "there  are  considerable  numbers  of  ponds,  covering  from 
a  few  acres  to  half  a  section  of  land,  grown  up  around  the  border 
with  reeds  and  coarse  grasses  and  sedges,  and,  where  the  water  is 
deeper,  with  arrow  leaves,  pond-lilies,  and  other  water  plants.  In 
every  instance  where  I  had  an  opportunity  to  examine  them,  there 
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was  a  thin  bed  of  clayey  matter  mixed  with  organic  materials,  from 
a  few  inohes  to  a  foot  or  more  in  thickness,  lying  on  the  bottom, 
and  on  the  top  of  the  Loess  deposit  This  clayey  matter  was 
probably  deposited  there  before  the  waters  finally  retired  from  the 
old  lake  bed  in  which  this  soil  originated  **  (id,  pp.  270  and  271). 

How  is  it  possible  to  account  for  snch  sheets  of  water  under  the 
arid  conditions  absolutely  required  by  Baron  Richthofen's  fierce 
winds  and  steppe  climate  ?  The  fact  is,  whichever  way  we  approach 
the  problem,  it  seems  to  me  that  Baron  Richthofen's  theory  not  only 
fails  to  explain  the  facts,  but  is  completely  At  issue  with  them. 
His  great  name  may  give  the  theory  a  certain  ephemeral  importance, 
but  it  will  not  bear  the  test  of  close  criticism  when  we  leave  the 
realms  of  general  hypotheses,  and  come  down  to  the  grim,  awkward, 
tyrannical  region  of  facts,  and  when  we  have  turned  it  over  in  every 
way  with  one  result,  we  confess  to  feeling  that  there  is  some  temerity 
in  its  author  speaking  of  the  exposi  he  has  given  in  your  pages  as 
refuting  without  any  further  discussion  arguments  which  are  not 
even  touched. 

Having  said  so  much  about  the  Baron's  theory,  I  must  now  turn  to 
the  justification  of  my  own,  which  he  characterizes  with  scant 
courtesy  as  ''views  which  could  be  pronounced  at  an  early  and 
rather  low  stage  of  geological  science,  but  are  long  since  abandoned," 
"  suppositions  which  bear  the  character  of  the  infancy  of  that  science," 
and  of  which  he  says  again  that  he  does  not  believe  that  any  geolo- 
gist will  seriously  take  the  trouble  to  argue  against  I  must  at 
once  disabuse  him  of  this  view.  If  he  had  seen  the  letters  on  my 
table  from  those  whose  reputation  is  not  less  than  his  own,  he  would 
not  have  used  these  phrases,  which  are  rather  characteristic  of  the 
amenities  of  scientific  controversy  of  a  former  day.  1  can  assure  Baron 
Kichthofen  that,  whatever  the  value  of  tlie  views,  they  have  certainly 
secured  the  attention  and  received  the  approval  of  those  whose 
judgment  1  respect,  and  that  they  will  need  to  be  met  by  some 
stronger  arguments  than  those  he  has  so  far  used. 

When  it  seemed  clear  to  me  that  the  Loess  could  not  be  explained 
as  a  marine.,  lacustrine  or  finviatile  deposit,  and  that  Baron  Riohthofeu's 
view  was  equally  inadmissible,  it  was  necessary  to  frame  some  new 
theory  which  would  meet  the  facts.  These  were  an  explanation  of 
the  origin  of  the  Loess,  and  secondly  of  its  distribution.  Tn  regard 
to  its  origin,  I  suggested  that  it  seemed  to  have  great  analogies  with 
the  Moya  or  volcanic  mud  that  is  thrown  out  in  certain  volcanic 
districts,  and  that  its  calcareous  ingredients  seemed  to  point  to 
a  subterranean  origin.  Baron  Richthofen  says  dogmatically  tliat 
the  Loess  differs  completely  in  composition  and  structure  from 
all  known  kinds  of  volcanic  mud,  ancient  or  modern.  This  is  a 
strong  assertion,  and  if  it  be  indisputable,  it  goes  some  way  to 
discount  what  I  have  said.  Now  it  is  very  strange  that  a  few 
weeks  after  my  papers  on  the  Loess  were  printed,  I  received  a  letter 
from  Professor  Aughey,  of  Nebraska,  calling  my  attention  to  the 
important  fact  that  in  Nebraska,  where  the  Loess  is  developed 
on  the  largest  scale  of  any  district  in  America,  it  is  found  in  close 
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connection  with  the  so-called  geyser  deposits  of  the  American 
geologists.  Speaking  of  the  Pliocene  beds  of  Nebraska,  he  says, 
*'  Near  or  in  many  of  these  beds  all  over  the  Pliooene  region  of  the 
plains  are  found  many  extinct  geyser  tubes,  and  sometimes  old 
geyser  basins.  Of  these  I  observed  at  least  thirty  between  Arapahoe 
and  the  west  line  of  the  State ;  I  have  also  found  them  in  the  Loup 
region,  and  on  the  Niobrara.  As  some  of  these  geyser  tubes  had 
their  exit  in  the  Fort  Pierre  group  on  the  Upper  Republican,  it  is 
probable  that  they  commenced  their  work  in  the  Cretaceous  period, 
and  were  in  operation  all  through  the  long  centuries  of  the  Eocene, 
Miocene  and  Pliocene  periods,  and  far  into  the  Qaatemary  ;  a  similar 
bed  exists  on  Oak  Creek,  which  was  deposited  in  interglacial  times. 
Nebraska  and  Northern  Kansas,  in  fact,  was  a  gi'eat  geyser  r^on 
all  through  the  Tertiary  period.  It  far  exceeded  in  the  number  and 
magnitude  of  its  geysers  the  Upper  Yellowstone  region  and  Iceland 
at  the  present  day.  Few  memorials  of  these  old  extinct  geysers  are 
visible  at  the  present  time,  owing  to  their  being  covered  up  by 
the  superincumbent  Quaternary  deposits,  but  enough  remains  to 
show  that  a  prodigious  number  must  have  existed  at  least  in  Pliocene 
times"  (Sketches  of  the  Physical  G^graphy,  eta,  of  Nebraska, 
pp.  239  and  240).  If  we  examine  the  analyses  that  are  available  of 
the  Loess  from  different  districts  of  the  silico-alkaline  earths  that 
characterize  the  Nebraska  Pliocene  beds  and  of  geyserite  proper,  we 
shall  be  constrained  to  assign  them  all  three  to  the  same  ultimate 
cause.  This  evidence  is  surely  very  important,  and  it  will,  I  trust,  in 
some  measure  affect  Baron  Richtbofen's  emphatic  statement  which  I 
have  quoted.  1  showed  iti  my  paper  that  in  the  European  area  of 
the  Loess,  calcareous  springs,  fumes  of  carbonic  acid,  and  other  traces 
of  still  living  volcanic  action  exist,  while  the  proofs  that  they 
existed  much  more  forcibly  during  the  deposition  of  the  Loess  are 
very  familiar,  the  intercalation  of  Loess  and  volcanic  ashes  in  the 
Rhine  volcanoes  being  the  most  forcible.  This  1  have  already 
shown  at  some  length  in  a  pi-evious  paper.  In  regard  to  the 
mountains  of  North  China,  which  are  the  focus  of  the  Loess  deposits 
tliere,  I  might  quote  many  additional  facts  from  Pere  David's  papers 
already  cited,  in  which  he  has  shown  how  in  all  directions  these 
mountains  are  strewn  with  evidences  of  volcanic  forces  actively  at 
work  down  to  the  most  recent  geological  period,  and  apparently 
showing  special  signs  of  activity  in  the  Quaternary  period. 

It  will  be  remembered  that  in  postulating  a  subterranean  origin 
for  certain  ingredients  of  the  Loess,  I  did  so  in  a  very  hesitating  way, 
and  merely  as  a  tentative  hypothesis.  Tentative  hypothesis  only  it 
still  remains,  as  does  every  opinion  I  hold  upon  every  subject ;  to 
be  surrendered  immediately,  and  without  regret,  directly  it  is  shown 
to  be  inconsistent  with  the  facts.  At  present,  however,  so  far  as  my 
judgment  goes,  it  is  the  only  hypothesis  available,  for  the  only 
process  that  I  know  by  which  siliceous  mud  consisting  of  very 
comminuted  angular  particles  entirely  free  from  structure,  and  from 
the  presence  of  foraminifera,  etc.,  charged  with  carbonates,  and 
like  the  Loess  in  every  respect,  can  be  explained,  is  the  theory  I  have 
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offered.  Nay,  more,  as  I  have  shown  or  tried  to  show,  the  only  method 
hj  which  deposits  very  like  the  Loess  are  at  the  present  moment 
'  heing  made  is  hy  the  very  prooess  I  postulate,  of  which  Baron 
Kichthofen  writes  so  lightly.  So  much  for  the  origin  of  the  Loess. 
In  regard  to  its  distribution  I  do  not  speak  with  the  same  hesitation. 
Here  the  evidence,  as  I  have  presented  it  to  your  readers,  is  so 
consistent,  cumulative  and  overwhelming,  that  it  will  tequire  a 
vei-y  great  many /ac/8  on  the  other  side  to  disturb  it  The  evidence 
that  the  Loess  was  spread  over  the  country  independently  of  the 
drainage — spread  like  a  sheet  over  hill  and  dale  by  a  mass  of  moving 
waters — is  so  great  that  it  seems  to  me  conclusive.  I  have  tried  to 
focus  a  portion  of  it,  as  well  as  the  evidence  of  the  correlated  deposits 
and  their  contents,  from  many  quarters.  The  proofs  are  at  present 
ample,  that  the  big  mammals  were  actually  drowned,  that  they 
perished  not  singly  but  in  many  cases  in  hecatombs,  that  they  were 
immediately  covered  over  and  protected  from  the  weather  in  some 
cases  with  their  skeletons  intact,  in  others  with  their  bones  scattered 
hither  and  thither,  that  the  loamy  deposits  wherever  we  meet  with 
them  and  however  we  sift  them  bear  unmistakable  traces  of  this 
great  wave  of  waters,  which  is  amply  supported  again  by  the  ethno- 
graphic evidence  and  by  human  tradition.  This  and  much  more 
ejusdem  generis  I  have  partially  tried  to  show  in  the  papers  I  have 
printed  in  the  Magazine,  and  which  are  not  yet  concluded.  The 
nature  and  extent  of  this  diluvial  movement,  which  Baron  Richthofen 
produces  as  a  scarecrow,  I  cannot  discuss  at  present  nor  until  a  good 
deal  more  of  my  evidence  is  published.  At  present  it  will  suffice  to 
say  that  I  believe  it  was  very  widespread  in  the  Northern  Hemisphere, 
and  that  one  of  its  notable  effects  was  the  origin  of  the  Loess  by  the 
mixing  of  the  products  of  a  subterranean  flood  of  calcareous  mud 
with  the  loams  forming  the  laud  surface  where  the  Mammoth  lived 
in  the  areas  now  covered  by  Loess  in  Europe,  China  and  America. 
I  hope  Baron  Richthofen  will  forgive  any  expressions  which  he 
may  disapprove  of  in  this  paper.  It  is  not  to  be  expected  that 
phrases  wanting  in  courtesy  can  be  used  by  a  distinguished  writer 
of  one  very  much  his  inferior  without  some  resentment  He  would 
not  respect  me  if  I  consented  to  such  treatment.  But  I  can  assure 
him,  if  I  may  be  guilty  of  the  presumption,  that  no  one  from  Cathay  to 
Peru  rates  more  highly  than  I  do  his  reputation,  nor  values  more  his 
contributions  to  Eastern  Geography  and  Geology,  and  no  one  awaits 
more  impatiently  the  time  when  they  may  be  published  at  a  «ost 
that  will  bring  them  within  the  reach  of  poor  men — poor  men  living 
in  Philistia  —  overloaded  with  books  and  babies,  and  only  very 
moderately  endowed  by  nature  with  those  qualities  that  secure 
success  in  the  struggle  for  existence. 

I  wish  to  add  a  postscript  on  another  matter  on  which  Baron 
Richthofen  could  perhaps  help  me ;  or  perhaps  my  appeal  might 
reach  some  other  German  geologist.  In  the  fourth  volume  of  Mid- 
dendorfs  Travels,  p.  1081,  there  is  a  very  extraordinary  account  of 
the  discovery  of  a  Mammoth  which,  if  reliable,  is  valuable.  The 
notice  has  been  partially  translated  in  one  of  Professor  Dawkins' 
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papers,  and  again  in  bis  Early  Man  in  Europe,  p.  106.  This  notice 
has  always  seemed  to  me  to  be  most  suspicious.  It  describes  how  a 
young  German  engineer  in  the  Russian  service  called  Benkendorf, 
being  one  day  in  a  steam  launch  in  the  estuary  of  the  Lena,  came 
across  a  Mammoth  which  had  been  detached  from  the  frozen  banks  of 
the  river,  and  was  careering  about  in  tlie  flood.  The  notice  describes 
how  the  animal  was  secured  by  a  rope,  how  it  was  examined,  and  the 
contents  of  its  stomach  observed,  but  that  presently  a  sudden  rush  of 
water  carried  it  away.  The  whole  story  is  told  in  a  vigorous  style, 
and  with  a  very  suspicious  resemblance  to  a  romance  concocted  oat 
of  what  was  already  known  about  the  Mammoth,  and  in  fetct  adds 
little  of  actual  fact  to  our  previous  knowledge.  I  recently  looked 
up  the  notice  in  Middendorf,  who  quotes  the  account  as  trostworthy, 
but  I  confess  my  suspicions  were  not  allayed  when  I  found  whence 
he  had  obtained  it.  fie  quotes  the  story  from  a  boy's  book  entitled 
'*  Eosmos  fur  die  Jugend.  Blicke  in  die  Sch5pfung  der  Welt  und 
in  die  Enlturgeschichte  der  Menschheit  vom  anfang  bis  zur  Oegen- 
wart,"  published  at  Numberg  in  1862,  and  written  by  Philipp 
Eorber,  the  author  of  many  other  works.  This  book  I  have  not 
been  able  to  consult,  as,  unfortunately,  like  many  others,  it  is  not  in 
the  British  Museum  Library.  The  account  professes  to  betaken 
from  the  letter  of  the  young  Kussian  naval  officer  Benkendorf,  who 
was  born  in  the  Island  of  Oesel  in  the  Baltic,  February  23rd,  1821, 
and  joined  a  topographical  expedition  to  Siberia,  vrhenoe  he  vrrote 
several  letters  to  Eorber  describing  his  adventures,  the  one  we  are 
interested  in  being  in  the  year  1846.  It  is  very  strange  that  if 
genuine  no  accounts  of  this  discovery  should  have  reached  the  ears 
of  Baer  or  Brandt,  Schmidt  or  Schrenck,  who  none  of  them  mention 
it,  and  that  it  should  be  first  heard  of  in  a  popular  book  for  bojs 
in  1862.  It  would  be  interesting  if  the  story  could  be  sifted  by 
some  one  who  oonld  get  access  to  Mr.  Korbcr,  or  even  to  his  book, 
and  the  information  would  be  especially  useful  to  students  like 
myself. 

IV. — Supplement  to  a  Chapter  in  the  History  of  Meteorites. 

By  Walter  Flight,  D.Sc.,  F.G.S. 
{CofUinued  from  page  316.) 

Found  1879,  July  19.— Lick  Creek,  Davison  Co  ^ 

In  this  paper  is  given  an  engraving,  actual  size,  and  a  short  ac- 
count of  a  small  metallic  mass,  weighing  rather  more  than  two 
pounds,  and  found  at  the  above  date  in  Davison  county.  When 
found  it  was  covered  with  a  thick  scaly  crust  of  oxide.  It  weighs 
1  -24  kilogi-ammes  or  23J  ounces  avoirdupois.  It  is  one  of  the  rare 
class  that  do  not  show  the  Widnianstattian  figures.  It  contains 
iron,  nickel,  cobalt,  and  phosphonis.  A  complete  analysis  of  the 
meteorite  is  being  prepared.  It  is  the  property  of  Professor  W. 
E.  Hidden,  of  the  New  York  Academy  of  Sciences.  Mr.  Hidden 
has  in    his   cabinet  three   other   undescrihed   meteorites   from  the 

lUuatraied  Seientijk  XewM,  New  York,  March  15, 1880,  ill.  No.  6,  pp.  62  and  66. 
Mr.  Joum,  Se,  u.  1880,  324. 
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Southern  StateSi  one  of  which  weighs  1*45  kilogrammeSi  or  32|  oss. 
avoirdupois. 

1879,  Hovember  4.— Ealombi,  Wavee  (Wai,  Jaluoa),  Sattara, 

Presidency  of  Bombay,  India.* 

Brezina  records  the  presentation  to  the  Vienna  Collection  of  a 
piece  of  a  meteorite  weighing  166  grammes  by  Mr.  M.  Wood,  of  the 
Bombay  Branch  of  the  Royal  Asiatic  Society.  The  fall  occurred  at 
the  above  place  and  date,  and  the  stone  has  the  form  of  a  four-sided 
wedge,  with  a  nearly  square  base.  Its  weight  is  10^  lbs.  and  197 
grains,  and  its  density  is  3*45.  According  to  an  incomplete  analysis, 
58-75  per  cent,  was  insoluble  in  hydrogen-chloride  (consisting  of 
silicates,  and  the  silicic  acid  of  the  decomposed  portion),  and,  in  ad-* 
dition,  there  was  iron  oxide,  or  rather  iron  protoxide  with  alumina 
27-62,  nickel  1*56,  lime  0*83,  and  magnesia  11*88  per  cent.  The 
meteorite  resembles  Forsyth,  has  a  light  yellowish  ground-mass; 
the  chondra  are  firmly  inclosed  in  the  ground- mass,  and  for  the  most 
part  white  and  felspathic  This  stone  is  to  be  classed  with  the 
white  chondrites. 

1880,  February  18,  early  in  the  Morning. — Koritawald-mnra, 

Tosa-no-gori,  Tango,  Japan.' 

An  eye-witness  of  the  fall  of  this  stone  states  that  in  the  early 
morning  he  was  washing  his  face,  when  he  saw  a  ball  of  fire  cross 
the  sky  from  north-east  to  south-west.  He  was  much  astonished 
when  a  small  stone  fell  before  him  from  the  sky.  He  caught  it  up 
and  found  it  was  very  hot,  and  gave  forth  a  smell  like  that  of 
gunpowder.  The  stone  is  about  \\  inches  long  and  three-quarters 
of  an  inch  wide,  and  weighs  about  100  grains  Troy.  It  is  com- 
pletely covered  with  a  hard  black  glaze.  It  appears  to  be  a  stone 
and  not  a  meteoric  iron. 

The  same  correspondent  mentions  a  meteoric  stone  of  large  size, 
preserved  at  Toji,  which  is  said  to  have  fallen  from  the  heavens  in 
ancient  times ;  and  reports  another  at  Chionin.  He  also  says :  "  I 
learn  that  a  stone  of  several  pounds  weight  fell  at  Tamba  a  few 
years  ago." 

The  same  number  of  the  Japan  Gazette  contains  a  short  reference 
to  another  aerolite.  The  mineral  stone  which  fell  some  time  ago 
at  the  front  of  a  gate  of  Iwata,  of  Takeda-mura,  Yabe-gori,  Tajima, 
with  a  brilliant  light  and  report,  is  about  I^  sun  thick  and  9  aun  \\\ 
circumference,  and  weighs  about  200  momme.  This  stone  has  been 
sent  to  the  Bureau  of  Agriculture  of  the  Home  Department,  and  will 
be  investigated  by  Prof.  Kinch. 

1880  (early  in).— -Colorado  Basin,  Ivanpah,  Sonthem  California.' 

This  block  of  iron  was  found  in  the  Colorado  Basin,  within  eight 
miles  of  Ivanpah,   which   is  about  200  miles   north-east  of  San 

*  A.  Brezina,  Sitzher.  Akad.  Wis*.  1880,  Ixxxii.  Oct.  part. 

*  The  Japan  Gazette,  April  19,  1880. 

5  C.  U.  Shepard,  Aimr.  Journ.  Sc,  1880,  xix.  381. 
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Bernardino  in  Southern  California,  by  a  Mr.  Goddard,  wbo  while 
crosning  a  wash  had  his  attention  arrested  by  a  singolar-Iookiog 
boulder.  The  block  is  oval  in  shape,  having  a  side  aomewhst 
flattened  ;  its  surface  is  covered  with  depressions  and  dents,  as  if 
it  had  been  pelted  all  over  with  pebbles  while  soft  or  plastia  Hiese 
concavities  are  from  1  to  4  inches  across,  and,  in  addition,  there  are 
three  round  holes  an  inch  deep,  as  if  made  by  the  little  finger. 
The  mass  is  supposed  to  weigh  120  lbs.,  and  it  is  14  inches  long, 
9  inches  broad,  and  7  inches  deep.  The  examination  of  a  fragment 
shows  it  to  be  highly  crystalline,  requiring  no  etching  to  reveal  the 
Widmanstattian  figures;  the  cleavage  appears  to  be  ootahedraL 
The  schreibersite  is  very  thin,  and,  according  to  Shepard,  of  two 
kinds:  one  in  flat  leaves,  the  other  in  wavy  semi-cylinders  or 
irr^ular  prisms;  the  latter,  he  says,  may  be  tihe  rhabdite  of 
Beichenbadi.  The  density  of  tbe  iron  is  7*65,  and  its  oompoeition : — 

'I'lvU  .a.  ««•  •••  •*«  a..  aaa  aa.  •••  Vv    VO 

X^lCKd         aa  •■•  a*.  ••*  ■•■         aa.         «•■         •••  4    OA 

Phosphonis 0*07 

Grapnite       0*10 

99-67 

1880,  Kay  (first  half  of). — Karand,  12  miles  east  of  Teheran, 

Persia.^ 

The  fall  of  a  meteorite  which  was  actually  seen  to  descend,  and 
which  is  not  an  event  of  every-day  occurrence,  deserves,  on  account 
of  its  mineralogical  interest,  some  notice.  It  is  not  possible  here  to 
ascertain  with  certainty  the  constituent  minerals;  it  is  therefore 
possible  at  present  only  to  give  a  short  sketch  of  the  stone ;  later 
on,  when  we  have  the  material  to  work  with  and  the  help  of  an 
authority  in  this  branch,  we  may  return  to  the  subject.  In  the 
first  half  of  the  month  of  May,  1880,  we  were  call^  before  the 
Shah,  who  handed  to  us  a  metallic  shining  mineral,  weighing  about 
400  grammes,  which,  from  the  outer  crust  still  adhering  to  i^  we  at 
once  recognized  as  a  meteorite.  We  saw  that  the  Shah  took  the 
shining  metal  in  it  for  silver,  for  he  asked  the  value  of  it.  But 
when  we  spoke  of  the  iron,  and  its  probably  containing  nickel,  and 
that  the  mineral  had  more  scientific  than  intrinsic  worth,  it  was 
permitted  to  us  to  take  the  stone  away,  and  to  break  o£f  a  piece  for 
closer  examination. 

The  Shah  made  himself  acquainted  with  the  origin  and  cause  of 
meteorites,  and  informed  us  that  the  stone  in  question  weighed 
45  kilogrammes,  and  fell  in  the  neighbourhood  of  the  village  of 
Karand,  twelve  miles  east  of  Teheran,  with  an  explosive  noise  like 
thunder. 

Half  of  the  stone  was  covered  with  a  thin,  blackish,  fused  crust, 
while  the  fresh  lustrous  fractured  surface  showed  it  to  have  formed 
a  portion  of  a  much  larger  stone.     A  fragment  weighing   3*66 

*  Mining  engineer  Ferd.  Dietzsoh,  in  Teheran ;  in  a  paper  intitoled  *  Geologisches 
Berg-  und  Hiittenmannisches  aus  Persien,"  in  Berff-  wtd  Mutlenmannigehe  Zeitunff, 
March  18,  1881. 
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grammes  was  found  to  possess  a  density  of  4*36.  The  fraotured 
surface  showed  a  grey,  passing  into  green  ground-structure,  with,  in 
places,  single  pieces  of  an  oil-green  mineral,  with  a  lustre  of  glass, 
probably  olivin.  In  the  msiss  lay,  closely  strewn  together,  small 
and  large  granules  of  white  iron ;  also  little  plates  of  this  metal  lay 
inclosed  in  it,  and  violet-blue  tinted  grains,  similar  in  their  play  of 
colour  to  copper  pyrites. 

The  pulverized  mineral  is  pretty  light,  and  almost  entirely  soluble 
in  hydrochloric  acid.  The  fractured  surface  was  covered  in  a  few 
days  with  a  thin  oxidized  crust,  although  some  portions  of  it  are  as 
fresh  after  five  months  as  at  first 

In  his  note  on  this  meteorite  Brezina  ^  states  that  the  fall  took 
place  at  Yeramin,  in  the  month  of  April,  not  May.  He  received 
a  fragment  from  Baron  Godel-Lannoy,  Secretary  of  the  Legation  at 
Teheran ;  the  portion  which  Dietzsch  received  appears  to  have  been 
lost  Brezina's  piece  weighs  about  16  grammes,  the  meteorite  itself 
weighs  20  to  25  kilogrammes,  and  is  preserved  by  the  Shah  in 
a  garden.  This  stone,  it  appears,  belongs  to  the  rare  group  of 
mesosiderites,  of  which  but  two  members,  Barea  (1842)  and  Esther- 
ville  ( 1879),  have  been  seen  to  falL  The  remaining  members  of  this 
group,  Niakornak  (1856),  Hainholz  (1856),  Janacera  Pass  (1860), 
Newton  Co.  (1860),  Sierra  di  Chaco  (1862)  and  Sierra  di  Deesa 
(1865),  have  no  crusts.  The  Persian  stone  has  a  fused  crust  of 
a  lustreless,  granular,  dull  grey  colour,  with,  in  places,  rusted  spots  ; 
it  closely  resembles  that  of  Daniell's  Kuil  (1868),  it  is  exceedingly 
thin,  from  0*05  to  0*08  mm.  On  the  freshly- fractured  surface  the 
Persian  stone  bears  the  greatest  resemblance  to  that  of  Newton  Co. ; 
numerous  crystals  of  olivine,  some  2  mm.  in  diameter,  in  one 
case  a  mass  7  mm.  across,  are  inclosed  in  a  highly  crystalline  ground- 
mass,  which  appears  to  consist  for  the  most  part  of  olivine. 

1880.    Found  in  May. — Lexington  County,  South  Carolina.' 

A  mass  of  iron,  weighing  10 J  lbs.,  was  found  at  this  locality,  in 
May,  and  sent  to  the  Shepards,  father  and  son,  for  examination.  It 
has  the  form  of  a  cylinder  with  two  flattened  edges  ;  the  surface  is 
nearly  free  from  yellow  hydrated  peroxide  of  iron,  being  mostly 
enveloped  with  a  black  and  brittle  coating,  which,  though  contain- 
ing some  troilite,  is  yet  almost  entirely  formed  of  magnetite.  Amyg- 
daloidal  masses  of  troilite,  of  the  size  of  filberts,  are  met  with. 
Magnetite  and  graphitoid  are  found  coating  the  troilite.  The  Lex- 
ington iron  closely  resembles  the  Bohumilitz  iron,  found  in  1829, 
and  preserved  at  Prague,  especially  in  the  two  etched  surfaces :  they, 
in  fact,  are  the  only  two  which  strikingly  show  the  moiri  mitallique 
lustre ;  the  crystalline  bars  in  the  Lexington  iron  are  nearly  twice 
as  large  as  those  in  the  Bohemian  specimen.  The  included  spaces 
are  filled  with  extremely  minute  lines  of  tanite,  crossing  each  other 

>  A.  Brezina,  Sitzber.  K.  Akad.  Wiss.^  1881,  lixxiv.  July  part. 
»  C.  U.  Shepard,  Amer.  Jour,  Se,  1881,  xxi.  117. 
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St  all  angles  from  90°  to  150°.  Its  density  ie  7 ;  that  of  bomofceneooB 
fragments  being  7-40o,  and  that  of  the  troilita  4*77.  Analyas 
allowed  it  to  consist  of: 

Iron    „ 92*16 

Nickel         _ 6-077 

Cobrit         „    „ 0-9S7 

luolnble  nutteit      ... «      0-2Af 

Tin       _.    ...    stiww 

PtKwphonu ,n    m  tracs 


Keteoiic  Sepodta  on  Aretio  Snow,  off  the  Taimnr  Coast,  ISW.' 

Immediately  after  the  "  Vega  "  lay-to,  Baron  Nordens)[j5ld  went 
down  on  the  ice,  in  order  to  see  whether  here  too  some  aoch 
metalliferoQs  dust,  aa  he  had  before  found  north  of  SpitzbergeD,  wu 
not  to  be  found  on  the  sorface  of  tbe  ice.  Nothing  of  ttie  kinil, 
however,  was  to  be  seen.  On  the  other  hand.  Lieutenant  Nonlquist 
observed  small  yellow  specks  in  the  snow,  which  he  collected  and 
handed  over  for  investigation  to  Dr.  KJeUman.  Kordenskjuld 
supposed  that  the  specks  consisted  nf  diatom  ooze.  After  examining 
them  Dr.  Ejellman,  however,  declared  that  they  did  not  consist  of  any 
organic  sulMtance,  but  of  crystallized  grains  of  sand.  Nordenskj&ld 
too  examined  them  more  closely,  but  unfortunately  not  until  the 
morning  after  we  had  left  the  field,  and  then  found  that  the  supposed 
ooze  consisted  of  pale  j-ellow  crystals  (not  fragments  of  crystals), 
without  mixture  of  foreign  matter.  Tlie  quantity  of  crystals,  which 
were  obtained  from  about  three  litres  of  snow,  skimmed  from  the 
surrace  of  the  snow  on  sn  area  of  at  most  10  square  mttrea,  amounted 
to  nearly  0  2  gram.  The  crystals  were  found  only  near  the  surface 
of  the  snow,  not  in  the  deep  layers.  They  were  up  to  1  mm.  in 
diameter,  had  the  appearance  shown  in  the  accompanying  woodcut, 
and  ap{>enred  to  belong  to  the  rhombic  sj-stem,  aa  they  had  one 
perfect  cleavage,  and  formed  striated  prisms  terminated  at  cither 


Form  of  the  Crv<<tn1a  foDnd  on  the  Ice  off  the  Tuimm  Cout. 
ifagnified  thirty  to  forty  timeB. 

end  by  truncated  pyramids.     Unfortunately  actual  measurements  of 

them  could  not  be  mode,  because  after  being  kept  for  some  time  in 

'  A,   B.   PTonienakjold,  Tlie  Voyage   o(   the   "Vega,"   »ol.   i.    pp.   327-331, 
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tbe  air  they  weathered  to  a  white  non-crystalline  powder.  Tliey 
lay,  without  being  sensibly  dissolved,  for  a  whole  night  in  the  water 
formed  by  the  melting  of  the  snow.  On  being  heated  too,  they  fell 
asunder  into  a  tasteless  white  powder.  The  white  powder  that  was 
formed  by  the  weathering  of  the  crystals  was  analyzed  after  our 
return, — 21  months  after  the  discovery  of  the  crystals — and  was 
found  to  contain  only  carbonate  of  lime. 

The  original  composition  and  origin  of  this  substance  appears  to 
me  exceedingly  enigmatical.  It  was  not  common  carbonate  of  lime, 
for  the  crystals  were  rhombohedral,  and  did  not  show  the  cleavage 
of  caloite.  Nor  can  there  be  a  question  of  its  being  arragonite, 
Ivecause  this  mineral  might  indeed  fall  asunder  **  of  itself,"  but  in 
that  case  the  newly -formed  powder  ought  to  be  crystalline. 

Have  the  crystals  originally  been  a  new  hydrated  carbonate  of 
lime,  formed  by  crystallizing  out  of  the  sea- water  in  intense  cold, 
and  then  losing  its  water  at  a  temperature  of  10^  or  20^  above  the 
freezing-point  ?  In  such  a  case  they  ought  not  to  have  been  found 
jon  the  surface  of  the  snowj  but  lower  down  on  the  surface  of  the  ice. 
Or  have  they  fallen  down  from  the  inter-planetary  spaces  to  the 
surface  of  the  earth,  and  before  crumbling  down  have  had  a  com- 
j>osition  differing  from  terrestrial  substances  in  the  same  way  as 
T'ariouB  chemical  compounds  found  in  recent  times  in  meteoiio 
stones  ?  The  occurrence  of  the  crystals  in  the  uppermost  layer  of 
snow  and  their  falling  asunder  in  the  air,  tell  in  favour  of  this  view. 
TTnfortunately  there  is  now  no  possibility  of  Kcttling  these  questions, 
1)at  at  all  events  this  discovery  is  a  further  incitement  to  those  who 
travel  in  the  High  North  to  collect  with  extreme  care,  from  snow- 
:£elds  lying  far  from  the  ordinary  routes  of  communication,  all 
^foreign  substances,  though  apparently  of  trifling  importance. 

Baron  Nordenskjold  then  refers  to  the  metallic  particles  found  by 
Ihim  on  the  snow  during  previous  years  (see  Gbol.  Mag.  Dec.  II. 
3875,  Vol.  II.  pp.  157-162),  and  says  in  conclusion : — 

It  may  appear  to  many  that  it  is  below  the  dignity  of  science  to 

cx)ncem  one's  self  with  so  trifling  an  affair  as  the  fall  of  a  small 

quantity  of  dust.     But  this  is  by  no  means  the  case.     For  it  is  esti- 

^uated  that  the  quantity  of  the  dust  that  was  found  on  the  ice  north 

«if  Spitzbergen  amounted  to  from  01   to   1  milligram  per  square 

^u^tre,  and  probably  the  whole  fall  of  dust  for  the  year  far  exceeded 

Xhe  latter  figure.     But  a  milligram  on  every  square  metre  of  the 

surface  of  the  earth  amounts  for  the  whole  globe  to  five  hundred 

)nillion  kilograms  (say  half  a  million  tons)  I     Such  a  mass  collected 

^rear  by  year  during  the  geological  ages,  of  a  duration  probably  iu- 

^X)mprehensible  by  us,  forms  too  important  a  factor  to  be  neglected 

'when  the  fundamental  facts  of  the  geological  history  of  our  planet 

are  enumerated.     A  continuation  of  these  investigations  will  perhaps 

show,  that  our  globe  has  increased  gradually  from  a  small  beginning 

to  the  dimensions  it  now  possesses ;  that  a  considerable  quantity  of 

the  constituents  of  our  sedimentary  strata,  especially  of  those  that 

have  been  deposited  in  the  open  sea  far  from  land,  are  of  cosmic 

brigin ;  and  vrill  throw  an  unexpected  light  on  the  on^vu  ol  >i\iek  ^x^- 
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hearths  of  the  Tolcanoes,  and  afford  a  simple  explanation  of  the 
remarkable  resemblance  which  unmistakably  exists  between  plutonio 
rocks  and  meteoric  stones.^ 


V. — On  Some  Points  in  Anglesey  Oeolooy. 
Bj  R.  D.  Roberts,  M.A.,  D.Sc,  F.G.S.,  Clare  College,  Cambridge. 

IN  my  former  short  communication  on  this  subject,  I  referred  only 
to  the  question  of  the  age  of  the  quartz  conglomerate  at  Nebo, 
which  Dr.  Callaway  mistook  for  a  part  of  the  granitoidite  series,  but 
which  Prof.  Hughes  has  shown  to  be  Cambrian  conglomerate.  What 
Dr.  Callaway  says  in  reply  may  be  seen  at  page  287.  The  second 
point  which  I  stated  I  should  deal  with  later,  I  now  take  up.  Dr. 
Callaway  wrote  (Geol.  Mag.  1881,  p.  423),  as  follows : — 

*'  The  altered  rocks  of  Anglesey,  the  '  metamorphic  Cambrian  and 
Silurian '  of  the  Survey,  are  shown  by  a  variety  of  evidence  to  be 
older  than  the  Cambrian.  Rocks  of  precisely  the  same  mineral 
character,  showing  the  same  order  of  succession,  and  lying  on  the 
same  strike,  are  sometimes  coloured  by  the  Survey  as  'Cambrian,' 
sometimes  as  '  Silurian.'  True  Cambrian  and  *  Silurian '  strata  do 
indeed  occur  in  many  parts  of  Anglesey,  and  they  have  given  their 
name  on  the  map  to  the  metamorphic  rocks  which  happened  to  be  near 
them  (the  italics  are  mine) ;  but  in  no  case  are  there  any  signs  of 
a  transition  between  the  altered  and  unaltered  beds."  Turning  to 
the  Survey  map  of  Anglesey,  it  is  seen  that  the  northern  part  of 
the  island  is  coloured  and  named  "  altered  Cambrian,"  the  southern 
boundary  of  which  is  a  curved  line  running  in  a  general  east  and 
west  direction  representing  a  supposed  fault,  where  black  shales  are 
in  juxtaposition  to  so-called  altered  Cambrian.  From  Dr.  Callaway's 
own  words  just  quoted,  especially  those  italicized,  I  am  bound  to 
conclude  that  he  applies  the  term  metamorphic  to  this  so-called 
*'  altered  Cambrian  " — a  part  of  tbe  "  gnarled  series  "  of  Professor 
Hughes.  My  criticism  upon  the  above  was  simple.  I  wrote  (Geol. 
Mag.  1881,  p.  573),  that  if  Dr.  Callaway  in  penning  the  words  "in 
no  case  are  there  any  signs  of  a  transition  between  the  altered  and 
unaltered  beds,"  had  in  view  tbe  gnarled  series  occupying  the 
northern  part  of  Anglesey,  I  diflFered  from  him,  because  at  two  spots 
I  bad  observed  a  passage  between  the  black  shales  and  the  so-c(dled 
"altered  Cambrian." 

Dr.  Callaway  replies  as  follows :  **  Dr.  Roberts  discusses  the 
contorted  rocks  of  northern  Anglesey,  which  he  affirms  Dr.  Callaway 
has  included  under  the  head  metamorphic.  Again  we  have,  *  This 
area  of  so-called  metamorphic  rock,'  and  that  his  readers  may  be 
thoroughly  impressed  with  ray  error,  he  further  on  reiterates, 
*  which  Dr.  Callaway  has  included  under  the  head  Metamorphic,'  and 
more  to  the  same  effect.  All  this  is  pure  error."  I  have  simply 
taken  the  plain  and  obvious  sense  of  Dr.  Callaway's  words,  and  I 

^  Namely,  by  showing  that  the  principal  material  of  the  plutonio  and  Tolcanic 
rooks  is  of  cosmic  origin,  and  that  the  phenomena  of  heat,  which  occur  in  these  layers, 
depend  on  chemical  changes  to  which  the  cosmic  sediment,  after  being  covered  bj 
thick  terrestrial  formations,  is  subjected. 
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would  ask  any  one  to  read  the  words  quoted  at  the  beginning  of  this 
communication  from  Geol.  Mao.  1881,  p.  423,  then  look  at  the 
Survey  Map  of  Anglesey,  and  see  if  any  possible  conclusion  could 
be  drawn  other  than  the  one  I  drew,  viz.  that  Dr.  Callaway  accepted 
the  term  metamorphio,  or  altered,  as  applying  to  the  patch  of 
northern  Anglesey  coloured  "altered  Cambrian." 

Dr.  Callaway  denies  that  a  true  passage  occurs.  We  differ  there- 
fore on  a  matter  of  observation,  which  can  only  be  settled  in  the 
field.  I  have  only  one  more  quotation  to  make  from  Dr.  Callaway's 
paper.  He  says :  "  I  will  content  myself  with  stating  that  when 
Dr.  Eoberts  has  thoroughly  explored  the  island,  he  will  find  that 
the  Cambrians  contain  fragments  derived  from  the  '  gnarled  series.' 
This  will  place  him  in  rather  an  awkward  dilemma."  I  was  already 
aware  that  gnarled  fragments  occur  in  some  of  the  conglomerates,  but 
I  am  placed  in  no  dilemma,  for  I  did  nothing  more  in  my  former 
communication  than  state  certain  observed  facts.  Various  explana- 
tions have  suggested  themselves,  which  as  yet,  however,  have 
hardly  taken  definite  enough  shape  to  be  called  even  working 
hypotheses. 

12.  E  V  I  E  "W  S- 


L — Life,  Letters,  and  Journals  of  Sir  Charles  Lyell,  Bart. 
Edited  by  his  Sister-in-law,  Mrs.  Lyell.  2  vols.  pp.  475  and  489. 
With  Portraits.     (London  :  John  Murray,  1881.) 

TT  is  no  exaggeration  to  say  that  Lyell  did  more  than  any  other 
man  to  advance  geological  science.  Others  there  were  who 
helped  much  more  than  he  to  solve  special  enigmas  concerning  the 
origin  or  relation  of  rock-masses,  to  unravel  the  structure  of  par- 
ticular districts,  or  to  interpret  the  life-history  of  the  past;  in 
personal  eloquence,  too,  he  was  not  unsurpassed ;  but  in  enthusiasm, 
and  in  the  interest  he  took  up  to  the  last  in  the  discoveries  bearing 
on  his  favourite  science,  he  yielded  to  none,  while  in  literary  ability 
he  was  unequalled  among  his  geological  contemporaries. 

The  labour  of  his  life  was  his  "  Principles  of  Geology ;  or  the 
Modern  Changes  of  the  Earth  and  its  Inhabitants,  considered  as 
illustrative  of  Geology."  His  work  commenced  at  a  time  when  the 
science  was  looked  upon  as  entirely  a  record  of  the  past,  and  not 
merely  of  past  times  but  of  past  agents,  for  it  was  considered  that 
the  forces  now  at  work  were  not  at  all  competent  to  produce  the 
changes  so  plainly  evidenced  in  the  earth's  crust.  Lyell's  work 
clearly  established  the  fact  that  the  present  is  but  the  continuation 
of  the  past,  unbroken  by  any  universal  gap  or  catastrophe ;  and 
although  the  strictly  uniformitarian  lessons  that  have  been  drawn 
from  his  works  are  to  some  extent  modified  now,  yet  his  method  of 
explaining  geological  changes,  is  continually  corroborated  by  the 
advances  made  in  geographical  knowledge. 

The  life  of  one  who  worked  such  a  revolution  in  geological 
thought,  as  did  Lyell,  is  calculated  to  attract  all  votaries  of  the  science. 
His  early  years  were  spent  in  the  New  Forest,  where  his  father^ 
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a  man  of  independent  means,  resided  for  some  time,  and  to  whose 
literary  and  scientific  tastes  the  son  owed  his  bent  of  mind.  Bom 
in  1797,  he  went  to  Oxford  at  the  age  of  eighteen,  where  an 
interest  in  geology  was  aroused  by  the  lectures  of  Buckland ;  and 
from  this  date  his  attention  seems  to  have  been  given  more  and  moro 
to  the  subject. 

As  early  as  1817,  when  staying  with  Mr.  Dawson  Turner,  F.RS., 
at  Yarmouth,  Lyell  becan^  much  interested  in  the  recent  changes 
that  have  taken  place  in  the  coast-line  of  Norfolk — a  county  to 
which  he  returned  again  and  again,  and  which  perhaps  thus  early 
served  to  direct  his  attention  to  the  particular  subjects  which  after- 
wards occupied  so  much  of  his  life.  On  this  excursion  he  also 
became  interested  in  the  great  pear-shaped  flints,  then  recently 
described  by  Dr.  Buckland  under  the  name  of  Paramoudras. 

These  memoranda  we  gather  from  letters  addressed  by  Lyell  to 
bis  father,  and  the  work  now  before  us  is  chiefly  composed  of  letters 
from  Lyell  to  his  father,  his  sister,  his  father-in-law  Leonard  Homer, 
to  Mui-chison,  Mantell,  Sedgwick,  Scrope,  Herschel,  Darwin, -Sir 
Charles  Bunbury,  and  others.  In  addition  to  these,  we  have  an  auto- 
bio(]^raphy  of  his  earliest  years  and  school-life ;  his  journal  of  a  tour 
in  France,  Switzerland,  and  Italy  in  1818 ;  and  journals  addressed 
to  Miss  Homer,  and  afterwards  (when  she  became  his  wife)  to  Lady 
Lyell.  Prefixed  to  each  chapter  is  a  brief  summary  of  the  leading 
events  in  Lyell's  life ;  and  with  these  and  a  few  other  trifling  excep- 
tions, Lyell  tells  the  whole  story  of  his  life,  so  far  as  it  is  contained 
in  these  volumes.  The  plan  thus  adopted  gives  the  work  a  very 
miscellaneous  character;  we  have  remarks  on  Slavery,  Education, 
the  Division  of  Property,  the  Indian  Mutiny,  and  various  branches 
of  science,  as  well  of  geology.  Here  and  there  we  have  reminiscences 
of  distinguished  individuals,  such  as  Cuvier,  Mrs.  Somerville,  Bab- 
bage,  Prince  Albert  and  other  members  of  the  Royal  Family;  as 
well  as  of  many  geologists  in  whom  we  take  more  especial  interest. 
The  letters  tell  the  story  of  Lyell's  life  so  far  as  its  more  prominent 
features  are  concerned,  and  they  indicate  the  many  subjects  which 
permanently  or  temporarily  engaged  his  attention.  We  should  have 
been  glad,  however,  to  hear  a  little  more  about  the  surroundings  of 
his  life,  of  his  method  of  carrying  on  work,  and  the  reception  his 
works  received  ;  of  the  part  he  may  have  taken  in  the  great  con- 
troversies of  the  time,  such  as  that  on  the  Cambrian  and  the  Silurian 
question,  and  on  the  Antiquity  of  Man.  Some  brief  account  of 
Lyeirs  addresses  to  the  Geological  Society  might  have  been  given, 
as  also  of  his  classification  of  the  Tertiary  strata,  and  the  part  he 
took  in  recommending  the  establishment  of  the  Geological  Survey. 
But  while  we  thus  venture  to  point  out  these  omissions,  we  ought 
not  to  be  the  less  grateful  to  the  lady  who  has  edited  the  work  with 
such  evident  care,  and  who  probably  had  not  the  materials  to  supply 
all  the  wants  we  have  noted.  Moreover,  we  must  not  forget  that 
the  history  of  geological  progress  is  in  great  part  told  in  Dr.  A 
Geikiti's  Life  of  Mnrchison,  and  in  his  earlier  Memoir  (partly  in 
conjunction   with   George  Wilson)    of  Edward   Forbes;    in   Prof. 
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Phillips'  Life  of  William  Smith,  and  in  the  Letters  and  Extracts 
from  the  Writings  of  J.  Beete  Jukes.  To  these  works,  as  well  as  to 
the  one  before  us,  we  look  for  the  reminiscences  of  Fitton,  Mantel  I, 
Buckland,  De  la  Beche,  Conybeare,  Horner,  Lonsdale,  Greenough, 
Phillips,  Scrope,  and  other  distinguished  geologists,  the  story  of 
whose  lives  is  unwritten,  and  some  of  whose  principal  works,  unlike 
those  of  Lyell,  are  hidden  in  the  uninviting  pages  of  Journals  and 
Transactions.  The  life  of  Sedgwick,  spoken  of  by  Lyell  as  the 
"  first  of  men,"  we  hope  ere  long  to  receive  from  his  able  successor 
in  the  Woodwardian  Professorship. 

We  have  for  the  most  part  to  form  our  own  opinions  of  Lyell's 
personal  characteristics  from  his  letters.  Originally  intended  to 
follow  the  legal  profession,  he  was  called  to  the  Bar  in  1825,  and 
went  the  Western  Circuit  for  two  years,  but  this  he  relinquished, 
and  devoted  his  time  almost  entirely  to  his  aim  of  furthering  geo- 
logical science.  The  current  of  his  life  seems  on  the  whole  to  have 
flowed  very  easily  :  he  had  no  struggles  to  maintain  his  existence, 
time  and  money  were  at  his  command,  nor  had  he  any  children  to 
disturb  the  repose  of  his  household. 

The  later  letters  contain  many  allusions  to  the  Darwinian 
Theory,  which  will  be  read  with  interest.  But  as  early  as  the 
year  1827  he  "  devoured  Lamarck,"  saying,  "  His  theories  delighted 
me  more  than  any  novel  I  ever  read,  and  much  in  the  same  way,  for 
they  address  themselves  to  the  imagination.  ...  I  am  glad  that 
he  has  been  courageous  enough  and  logical  enough  to  admit  that*  his 
argument,  if  pushed  as  far  as  it  must  go,  if  worth  anything,  would 
prove  that  men  may  have  come  from  the  Ourang-Outang.  But 
after  all,  what  changes  species  may  really  undergo  I" 

The  dinners  at  the  Geological  Club  are  mentioned  in  several 
places,  and  serve  to  show  that  brethren  of  the  hammer  can  be  genial 
as  well  as  scientific.  At  one  gathering,  in  1823,  Prof.  Oersted  (of 
Copenhagen)  remarked,  much  to  the  amusement  of  the  company, 
'  Your  public  dinners,  gentlemen,  I  do  love,  they  are  a  sort  of  sacra- 
ment, in  which  you  do  beautifully  blend  the  spiritual  and  the 
corporeal!!*"  Again,  in  1831,  Lyell  says,  *'I  had  a  hard  task 
yesterday  to  keep  my  resolutions  of  severe  temperance,  for  Murchison 
was  so  unwell,  that  he  asked  me  to  preside  at  the  Geological  Society 
club  dinner,  and  take  his  friend  Colin  Mackenzie  to  it ;  so  I  was 
obliged  to  push  about  the  bottle,  and  to  sham  taking  a  fair  quantity 
of  wine."  Another  cheerful  meeting  he  mentions  in  1838,  when 
"After  the  aniversary  evening  [of  the  Geological  Society],  Lord 
Cole  pressed  mo  so  hard  to  go  and  eat  pterodactyl  (alias  woodcock) 
pie  at  his  rooms,  that  I  went,  with  Whewell,  Buckland,  Owen,  Clift, 
Egerton,  Broderip,  Hamilton,  Major  Clerk,  Lord  Adair ;  and  there 
we  were  till  two  o'clock,  fines  inflicted  of  bumpers  of  cognac  on  all 
who  talked  any  *  ology.*  Cigar  smoke  so  strong  as  half  to  turn  one's 
stomach.  I  lost  the  enjoyment  of  Mnrchison's  dinner  next  day, 
and  for  five  days  did  only  a  half  day's  work  (^r  less." 

Lyell  was  President  of  the  Geological  Society  in  1836  and  1837, 
and  also  in  1860  and  1851.  In  1857  he  was  again  invited  to  take 
the  chair,  but  refused.     Writing  to  Mr.  Hornet  ^itoia  \jQCvxsaxiw€^  \v6 
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says,  "  My  taking  the  office  a  third  time  is  ont  of  the  question.  I 
have  done  a  fair  share  of  that  duty»  and  hope  to  oontinue  for  yean 
travelling,  making  original  observations,  and  above  all  going  to 
school  to  the  younger,  but  not,  for  all  that,  young  geologists  whom 
I  meet  everywhere,  so  far  a-head  of  us  old  stagers,  that  they  are 
familiar  with  branches  of  the  science  fast  rising  into  importance 
which  were  not  thought  of  when  I  began.  Such  is  the  case  with 
young  Gaudin  here,  a  fossil  botanist,  who  in  age  might  almost  be 
my  grandson." 

The  letter  on  p.  281,  vol.  ii.  is  misplaced.  Its  real  date  is  1838, 
not  1858,  for  it  refers  to  Darwin's  paper  on  the  connection  of  oerttin 
volcanic  phenomena,  and  on  the  formation  of  mountain-chains  and 
Yolcanos,  read  before  the  Geological  Society  in  March,  1838.  In 
this  letter  Lyell  says,  *'  I  was  much  struck  with  the  different  tone 
in  which  my  gradual  causes  were  treated  by  all,  even  induding 
De  la  Beche,  from  that  which  they  experienced  in  the  same  room 
four  years  ago,  when  Buckland,  De  la  Beche,  Sedgwick,  WheweU, 
and  some  others  treated  them  with  as  much  ridicule  as  was  con- 
sistent with  politeness  in  my  presence." 

The  index  to  the  volumes  is  meagre :  there  are  no  references  to 
the  Geological  Society  or  Geological  Club,  frequently  mentioned  in 
the  Letters,  and  insufficient  references  to  the  individuals  whose 
names  are  noticed.  It  is  also  to  be  regretted  that  the  list  of  papers 
and  works  by  Lyell,  forming  Appendix  E,  has  not  been  carefully 
prepared.  The  titles  are  sometimes  inexact  and  the  references 
seldom  complete.  The  important  paper  by  Lyell  in  1840,  On  the 
Bonlder  Formation,  etc.,  of  Eastern  Norfolk,  is  referred  to  the 
"Geological  Magazine"!  instead  of  the  " Philosophical  Magazine." 

The  variety  of  scientific  subjects  touched  upon  in  Ly ell's  Letters 
illustrates  in  one  sense  the  great  scope  of  Geology.  And  his  wide 
grasp  of  the  subject,  aided  so  much  by  extensive  travel  in  America 
as  well  as  in  Europe,  enabled  liim  to  appreciate  the  results  of  the 
labours  of  so  many  different  workers  on  the  Natural  History  and 
Physical  Geography  of  the  Earth,  not  merely  of  past  times,  but  of 
the  present  day. 

The  task  of  keeping  pace  with  geological  progress  was  in  LyeU's 
early  days  comparatively  easy,  but  as  the  literature  of  the  subject 
gradually  increased  it  naturally  outgrew  his  ability  to  keep  up  with 
it.  Every  year,  indeed,  added  to  this  difficulty,  so  that  in  his  later 
years  he  leant  largely  on  the  support  of  others,  who  furnished  him 
with  the  general  results  of  scientific  work  in  different  departments- 
work  which  he  could  appreciate  and  utilize  in  the  grand  fabric  he 
had  done  so  much  to  construct,  and  in  which  his  interest  never 
flagged. 

Shortly  after  his  death,  a  brief  notice  of  Sir  Charles  Lyell  appeared 
in  the  Geological  Magazine  for  March,  1875  (pp.  142-144),  from 
which  we  quote  the  following  passage : — "  He  had  lived  to  see  tlie 
extension  of  science,  which  he  had  so  eagerly  desired,  realized.  In 
future  times,  wherever  the  name  of  Lyell  would  be  known,  it  would 
be  as  that  of  the  greatest,  the  most  philosophical,  the  most  enlight- 
ened geologist  of  Great  Britain  or  Europe." 
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n. — Notes  on   Vol.  II.  of  the  "  Transactions  of  the  Seismo- 
logical Society  of  Japan." 

THE  July  to  December,  1880,  volume  of  the  Transactions  of  the 
Seismological  Society  of  Japan  contains  five  papers  of  con- 
siderable value,  to  wit : — Notes  on  the  Recent  Earthquakes  of  Yedo 
Plain  and  their  effect  on  certain  buildings,  by  J.  Milne ;  On  Pendu- 
lum Experiments  on  the  summit  of  Fujiyama  for  the  purpose  of 
ascertaining  the  force  of  gravity  at  that  point,  by  Prof.  T.  C.  Menden- 
hall ;  The  effect  of  Railroad  trains  in  transmitting  vibrations  through 
the  ground,  by  Prof.  H.  M.  Paul ;  On  a  new  Seismograph  for  Hori- 
zontal Motion,  by  J.  A.  Ewing ;  The  Peruvian  Earthquake  of  May 
9th,  1877,  by  J.  Milne.  It  will  be  seen  that  the  founder  of  the 
Society,  as  we  believe  we  may  call  Mr.  Milne,  is  the  principal  con- 
tributor. 

His  first  paper — the  first  also  on  the  list^-occupies  thirty-eight  of 
the  ninety-eight  pages  which  contain  the  reading-matter  of  the 
volume.  His  second  paper — the  last  of  the  five— an  interesting 
contribution  on  the  Peruvian  Earthquake  of  1877,  fills  forty-eight 
pages. 

Mr.  Milne's  notes  on  the  "  Recent  Earthquakes  of  Yedo  Plain  " 
commence  with  a  short  rdaumi  of  the  work  of  Mr.  W.  S.  Chaplin 
and  Mr.  E.  Enipping  on  the  subject  of  those  terrestrial  spasms 
which  are  a  source  of  such  constant  and  ''tremulous"  interest  to 
residents  in  this  beautiful  island.  Mr.  Chaplin's  reasoning  would 
seem  to  establish  that  the  moon  has  no  influence  in  providing  earth- 
quakes. His  observations  and  those  of  Mr.  Knipping  have  been 
condensed  by  the  author,  who  has  added  a  catalogue  of  the  earth- 
quakes which  have  occurred  between  1872  and  1881  inclusive,  the 
record  being  for  the  most  part  taken  from  the  registers  of  the  Yamato 
Yashiki  Observatory.  This  tabulation  should  be  very  valuable  for 
purposes  of  reference.  It  shows  that  in  nine  years  from  1872  to 
1880  the  troublesome  number  of  370  earthquakes  has  been  recorded. 
Of  these  the  greatest  number,  seventy-four,  occurred  in  the  last 
year.  In  1878  there  were  seventy-one  earthquakes :  in  1874  only 
eight.  Of  the  grand  total,  the  large  majority  of  213  made  them- 
selves felt  in  winter,  the  balance  of  157  having  been  perceived  in 
the  summer  months.  It  is  only  justice  to  1881  to  say  that  its  seismic 
department  showed  signs  of  considerable  energy  in  the  five  months 
of  its  existence  with  which  the  table  deals.  In  that  brief  period 
there  were  thirty-five  seisms.  Mr.  Milne  deals  at  some  length  with 
the  direction  and  origin  of  recent  earthquakes,  and  concludes  that, 
"  taking  all  things  into  consideration — although  some  of  the  earth- 
quakes which  from  time  to  time  alarm  us  may  have  their  origin  near 
the  volcanos  of  the  interior, — until  by  instrumental  observation 
something  definite  has  been  determined,  I  should  be  inclined  to 
think  that  a  large  proportion  of  the  shocks  we  feel  have  their  origin 
in  faulted  districts  of  the  south." 

The  most  interesting  pai*t  of  Mr.  Milne's  paper  is  that  which  deals 
with  the  effects  produced  by  earthquake  shocks  upon  buildings.     An 
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exnminntion  made  by  him  of  a  very  large  nnmber  of  brick  tenementi 
of  similar  construction  in  the  capital  shows  tliat  the  faces  of  soch  ai 
are  situated  in  streets  runninp^  8.W.  to  N.W.  have  been  much  more 
cracked  than  those  in  streets  at  right  angles  to  this  direction.  Hit 
tabulation  of  the  earthquakes  also  shows  tliat  the  S.E.  to  N.W. 
direction  is  the  one  most  frequently  followed  by  seisms,  which,  again, 
are  of  greater  intensity  on  this  than  on  any  other  line  of  their  trsTel. 

Our  author  has  devoted  special  study  to  the  cracks  which  earth* 
quakes  have  made  in  the  houses  in  Tokiyo.  He  is  sufficiently  pains* 
taking  and  enthusiastic  in  his  investigations  to  have  marked  and 
dated  the  ends  of  some  of  the  chinks  and  watched  their  progress, 
earthquake  by  earthquake,  even  as  the  husbandman  watches  the 
growth  of  his  crops.  Sometimes  they  would  not  "  grow,"  however; 
but  our  ingenious  seismologist  set  them  to  work  vertically.  In  other 
words  he  placed  *'  indicators  '*  across  them,  thus  discovering  that, 
when  they  did  not  increase  in  length  they  vibrated — opened  and 
shut  their  mouths  as  it  were,  and  told  the  tale  of  their  own  undoing. 
Following  a  very  fair  line  of  induction,  the  Professor  asks  whether 
it  would  not  be  admissible  to  erect  buildings  with  cracks  or  joints 
in  them  ready  made,  so  that  the  portions  of  a  structure  which  are 
likely  to  have  different  periods  of  vibration  may  oscillate  freely,  and 
independently  of  each  other.  Some  such  plan  is  already  followed, 
we  believe,  in  the  construction  of  many  chimneys  in  Yokohama, 
which  are  built  clear  of  the  roof,  and  thus,  it  is  thought,  will  not  be 
overturned  by  the  movement  of  the  walls  acting  on  the  stacks.  If 
we  are  not  mistaken,  some  such  system  as  that  suggested  by  Mr. 
IVlilne  has  already  been  adopted  by  a  French  architect,  who  has  done 
n  good  deal  of  work  iu  Japan,  building  among  other  places  the  new 
offices  and  godowns  of  the  Mitsu  Bishi  Company  in  Yokohama. 
Much  of  Mr.  Milne's  paper  should  be  valuable  to  those  who  are 
concerned  in  the  erection  of  tenements,  of  whatever  kind,  in  Japan. 
For  instance,  he  points  out  that  archways  which  join  their  abutments 
at  an  angle  are  more  likely  to  crack  than  such  as  curve  into  the 
supports. 

The  second  paper  of  the  series  is  a  very  short  one  by  Professor 
Mendenhall  on  pendulum  experiments  on  the  summit  of  Fujiyama 
for  tlie  purpose  of  ascerUuning  the  force  of  gravity  at  that  point 
It  is,  we  believe,  an  abstract  of  a  long  treatise  published  in  the 
scientific  memoirs  of  the  Kobu  Dai  Gakko.  Although,  at  first  sight, 
the  subject  may  appear  to  be  foreign  to  seismology,  yet  closer  exami- 
nation shows  that  it  is  one  of  considerable  interest  to  the  followers 
of  Palmieri,  inasmuch  as  it  deals  directly  with  the  internal  nature  of 
one  of  the  most  famous  of  volcanos — Mount  Fuji.  leaking  the 
density  of  the  earth,  as  establishod  by  the  work  of  other  observers. 
Professor  Mendenhall  shows  us  how  it  is  possible  to  calculate  back- 
ward, and  determine  the  density  of  Fujiyama,  on  the  top  of  which 
by  the  swinging  of  a  pendulum  the  scientist  determined  the  force  of 
gravity  at  that  point  From  the  results  of  the  work,  it  would 
appear  that  the  body  of  the  mountain  has  about  the  same  density  as 
is  suggested  by  observation  of  the  rocks  which  are  found  on  its 
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surface.  Had  the  mountaia  been  left  very  hollow  at  the  termination 
()f  the  series  of  eruptions  which  formed  it,  its  density  would  have 
been  much  greater  than  Mr.  Mendenhall's  experiments  have  proved 
it  to  be. 

Mr.  Paul  contributes  the  abstract  of  a  treatise  on  the  effect  of 
Bailroad  trains  in  transmitting  vibrations  through  the  ground.  This 
paper  is  extremely  interesting  in  conveying  an  idea  of  the  immense 
distance  to  which  earth  vibrations  may  be  transmitted.  The  object 
of  the  investigation  which  is  chronicled  by  the  writer  was  to  deter- 
mine a  site  for  a  United  States  Naval  Observatory,  where  observa- 
tions could  be  conducted  'without  serious  interference.  The  brief 
abstract  published  by  the  Society  merits  full  citation.  We  have 
only  space,  however,  to  say  that,  by  observing  through  a  powerful 
telescope  the  surface  of  mercury  lying  in  a  dish  placed  at  a  mile*s 
distance  from  him,  the  experimentalist  at  his  post  on  a  railway  line 
can  note  the  effect  of  the  vibration  of  a  passing  train  upon  the  su^le 
mineral,  as  accurately  as  if  he  were  peering  into  the  vessel  itself. 
This  wonderful  telescopic  feat  almost  eclipses  the  fact  that  it  demon- 
strates, namely,  that  the  earth's  surface  is  sufficiently  elastic  to 
transmit  comparatively  the  small  vibration  caused  by  a  passing 
vehicle  to  a  great — perhaps  to  an  indefinite — distance. 

Professor  E  wing's  paper,  the  fourth  in  the  volume,  is  an  abstract 
of  one  read  before  the  Asiatic  Society  in  December,  1880.  It  de- 
scribes a  seismograph  which  appears  to  have  been  constructed  with 
scientific  accuracy  and  to  have  done  good  work  in  recording  the 
tremors  which  it  has  experienced. 

The  fifth  and  last  paper  is  from  the  pen  of  Professor  Milne,  and 
is-  on  the  great  Peruvian  earthquake  of  May,  1877.  It  contains  a 
tabulation  of  all  the  phenomena  connected  with  a  series  of  abnormal 
sea-waves  which  swept  across  the  Pacific  in  the  month  in  question, 
and  the  effects  of  which  were  slightly  experienced  in  the  harbour 
of  Yokohama,  and  further  north,  as  at  Hakodate,  where  it  did  con- 
siderable damage.  A  sea-wave,  originating  in  seismic  spasm,  takes 
about  twenty-five  hours  to  travel  from  South  America  to  Japan. 
But  electricity  rides  still  more  speedily ;  and  it  might  be  well  for  the 
Government  of  Japan  to  make  arrangements  with  the  controllers  of 
the  South  American  Republics  to  telegraph  hither  prompt  accounts 
of  seismic  or  volcanic  disasters  which  may  occur  in  their  vicinity. 

Mr.  Milne  has  introduced  into  his  essay  a  series  of  calculations 
whereby  he  estimates  the  point  (between  Pabalon  de  Pica  and 
Iquique,  and  nearer  the  former  than  the  latter  place)  where  the 
great  earthquake  originated.  As  several  of  the  methods  employed 
by  the  writer  in  his  attempts  to  locate  the  point  of  origin  of  terres- 
trial disturbances  appear  to  be  new  and  at  the  same  time  perfectly 
rational,  this  portion  of  the  treatise  will  probably  prove  a  valuable 
addition  to  the  science  of  seismology.  The  writer  also  makes  some 
notes  on  previous  earthquake-provoked  waves  which  have  crossed 
the  Pacific  in  this  direction,  with  circulations  of  the  Ocean's  depth, 
whereon,  it  must  be  remembered,  depends,  in  a  great  degree,  the 
velocity    of    wave    movement.      His   calculations   made   on.  ixi^jY^ 
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observations  indicate  that  the  profundities  of  the  sea  are  mnoh  len 
than  those  given  by  actual  soundings.  In  short,  theory  and  prsctioe 
are,  as  usual,  at  variance ;  and,  of  course,  Mr.  Milne  holds  that  in 
this  case  practice  is  at  fault.  Sooth  to  say,  his  proposition  (that,  in 
deep  sea  soundings,  owing  to  the  continuous  running  out  of  the  line, 
after  the  lead  has  toucheid  the  bottom,  it  is  very  hard  to  determine 
the  depth  with  accuracy)  seems  sound  enough.  He  concludes  bis 
contribution  with  a  paragraph  on  the  importance  of  systematic  tide 
observations  in  Japan,  which  he  holds,  if  properly  made  and 
recorded,  would  be  of  great  service  not  only  to  the  hydrographer 
and  navigator,  but  also  to  the  physicist  and  geologist. 

m. — £tude  Stbatigraphique  bt  Pal^ontologiqub  dks  Tsbbaivb 
JuBASsiQUES  DU  PORTUGAL.  Par  Paul  Choffat.  Premiere 
livraison :  Le  Trias  et  le  Dogger  au  Nord  da  TagOb  4ta 
pp.  72,  with  local  sections.     (Lisbon,  1880.) 

THE  subject  of  Portugal  cannot  fail  to  be  of  interest  to  the  fellow- 
countrymen  of  Daniel  Sharpe,  whose  researches,  published  in 
the  Proceedings  of  the  Geological  Society  of  London  for  1839,  and 
in  the  Quarterly  Journal  for  1849,  laid  the  foundations  of  its  Meso- 
zoic  geology.  The  value  of  Sharpens  work  is  cordially  acknowledged 
by  the  author ;  and,  though  M.  Ribeiro,  in  a  series  of  publications 
dating  from  1852,  has  found  it  necessary,  whilst  paying  dose  at- 
tention to  the  Jurassic  series,  to  make  material  alterations,  especially 
in  Sharpe's  stratigraphy,  his  work  must  be  always  regarded  as 
something  more  than  the  flying  visit  of  an  amateur  geologist. 

On  comparing  the  zones  of  the  Lias  with  those  held  to  obtain  in 
the  rest  of  Europe,  the  author  notes  the  absence  of  the  zone  of  Avicula 
coniorta,  and  probably  of  the  zone  of  A  m.  planorhis :  a  different 
development,  or  perhaps  the  absence  of  the  whole  of  the  base  of  the 
Sinemurian :  a  partial  and  different  development  of  the  zones  of 
Am.  Davai  and  Am.  Ihex :  a  different  development  of  the  Toarcian, 
at  least  in  the  upper  part,  corresponding  to  the  base  of  the  Bajocian 
of  Oppel.  He  places  the  zones  of  Am.  opalinus  and  Am.  Murchi- 
»ona  with  the  Toarcian,  though  suggesting  that  some  day  the  whole 
may  be  classed  with  the  **  Dogger,"  or  Brown  Jura.  The  absence  of 
the  above  zones  is  not  due  to  gaps  in  the  series,  the  sedimentation 
appearing  to  have  been  continuous. 

For  him  the  "  Dogger  "  commences  with  the  zone  of  Am.  Sowerbyi^ 
and  comprises  a  good  thickness  of  marl^  and  white  sub-oolitic  lime- 
stones, including  the  Bajocian,  occasionally  the  Bathonian,  and  tbe 
"  Callovian."  Throughout  the  whole  of  this  series  corals  are  rare. 
The  principal  fossils  are  Cephalopods,  Brachiopods,  and  Echino- 
derms.  Lamellibranchs  are  moderately  plentiful,  whilst  the  lists 
show  few  Gasteropods. 

The  most  noteworthy  circumstance  is  that  where  the  Bathonian  is 
absent,  it  is  replaced  by  the  Callovian,  which  comprises  much  more 
tlian  the  mere  equivalents  of  the  Kelloway  rock,  including  in  fixct 
what  we  should  call  the  Combrash,  and  a  large  portion  of  Oxford 
Cluy.     The  characteristic  Ammonites  are  there,  with  the  exception 
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of  the   omaii,  and  this  group,  in  places,  succeeds  the  Parkinsonti 
zone  of  the  Bajocian. 

Contrary  to  expectation,  part  of  the  Portuguese  Jurassic  presents  a 
strong  analogy  with  that  of  the  Anglo-French  basin,  but  in  the 
south  the  Alpine  facies  predominates.  A  very  curious  and  complex 
subject  is  that  of  the  relations  between  the  northern  and  the  Alpine 
facies.  At  page  5(>  he  gives  a  sketch-map  of  their  respective  limits 
from  the  Atlantic  to  the  Tyrol,  as  shown  in  the  several  formations. 
The  lines  run  approximately  N.E. — S.W.  Several  measured  sections, 
sometimes  illustrated  by  rough  diagrammatic  cuts,  constitute  a  sort 
of  appendix  to  the  work,  which  will  readily  commend  itself  to  all 
interested  in  tracing  the  various  phases  of  development  which  the 
Jurassic  beds  present  in  Western  Europe.  W.H.H. 


IV. — The  County  Oeognosy  and  Mineralogy  of  Scotland.  By 
M.  Foster  Heddle,  M.D.,  F.R.S.E.,  etc..  Professor  of  Chemistry 
in  the  University  of  St.  Andrews. 

AT  intervals,  during  the  last  four  years,  there  have  been  published 
in  the  pages  of  the  Mineralogical  Magazine  several  instalments 
of  a  remarkable  work,  which  appears  to  us  to  have  especial  claims 
upon  the  attention  of  British  geologists.  In  this  work,  which  is 
entitled  **  The  County  Geognosy  and  Mineralogy  of  Scotland,"  Prof. 
Heddle  (the  eminent  chemist  and  mineralogist  of  the  University  of 
St.  Andrews)  proposes  to  perform  for  the  whole  of  Scotland  what 
was  so  brilliantly  accomplished  by  Maculloch  for  the  Hebrides  and  the 
Western  Highlands.  In  his  preface,  however,  Prof.  Heddle  modestly 
defines  his  work  as  a  chronicle  of  the  present  state  of  our  knowledge 
of  the  mineralogy  of  the  northern  portion  of  the  kingdom,  and  pro- 
poses to  treat  of  the  geognosy  and  lithology  merely  to  such  an  extent 
as  to  explain  the  position  of  the  minerals  themselves. 

Prof.  Heddle  has  so  long  been  recognized  as  the  first  of  living 
Scottish  mineralogists,  and  his  familiarity  with  the  minerals  and 
mineral  localities  of  his  native  land  is  so  unrivalled,  that  such  a 
work  as  the  present  comes  most  naturally  from  his  hands ;  and  he 
has  accomplished  his  task  so  far  with  a  fullness  and  thoroughness 
that  is  worthy  of  himself  and  his  subject  Each  county  (com- 
mencing at  the  extreme  N.  of  the  British  Islands)  is  taken  up 
separately,  its  general  geognostio  and  lithological  features  sketched 
in  outline,  and  its  chief  minerals  and  mineral  localities,  etc.,  dis- 
cussed at  length.  The  minerals  themselves  are  arranged  in  the 
order  of  the  geological  formations  which  yield  them,  and  figures 
and  complete  analyses  of  the  more  important  or  interesting  forms 
given  in  much  detail.  The  work  is  illustrated  also  by  a  series  of 
coloured  geological  maps,  in  which  the  main  geological  and  litho- 
logical features  of  the  several  districts  described  are  laid  down. 

Eight  instalments  of  the  work — embracing  the  counties  of  Orkney 
and  Shetland,  Caithness,  and  Sutherland — are  already  in  print,  and 
from  these  the  probable  nature  and  calibre  of  the  work  may  easily 
be  inferred. 

The  purely  mineralogical  portion  of  the  work  m\xe\,  \i^  \^1\.  \i^  ^\^ 
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criticiBin  of  the  professed  mineralogist ;  of  its  thorongfaness  and  Taloe 
there  can  be  but  one  opinion,  and  the  memoir  is  probably  destined  to 
be  the  standard  guide-book  to  the  mineralogical  localities  of  Scotland 
for  many  years  to  come. 

But  as  geologists,  those  parts  of  the  work  which  treat  of  tbe 
geognosy  and  geology  of  the  regions  described  deserve  an  especial 
notice  from  ns,  and  that  not  only  because  of  the  new  data  they  afford, 
but  also  from  the  bold  and  novel  speculative  views  they  contain. 
Small  as  is  tbe  area  hitherto  described  by  the  author,  be  has  already 
broken  loose  from  many  of  the  accepted  traditions,  and  has  enun- 
ciated some  of  the  more  advanced  views  of  the  newer  geologictl 
schools  to  an  extent  that  must  be  startling — ^to  say  the  least — to  those 
who  hold  that  th^  British  geological  scale  is  complete,  and  that  the 
Highland  rocks  are  nothing  more  than  metamorphosed  represents- 
tives  of  the  Silurian  sediments  of  the  south.  Two  instances  of  this 
may  here  be  pointed  out. 

In  the  concluding  portion  of  his  description  of  the  Shetland  IsleR, 
the  author,  after  expressing  his  general  accord  with  Prof.  Steny 
Hunt  in  his  well-known  generalization  that  ''  in  altered  rocks,  the 
cr}'8talline  minerals  which  are  formed  may,  perhaps,  to  a  certain 
extent,  become  to  the  geologist,  what  organic  remains  are  in  the 
unaltered  rocks — a  g^ide  to  their  geological  age  and  succession,'* 
enunciates  the  opinion  that  the  metamorphio  rocks  of  Shetland 
'*  form  a  group  which  occurs  nowhere  else  in  the  northern  division 
of  the  kingdom."  He  sees  in  Dr.  Sterry  Hunt's  Upper  Huronian 
System  a  system  singularly  accordant  with  the  rocks  of  Shetland, 
and  throws  out  the  hint  that  the  schists  of  Clova  and  Portsoy  form 
another  series  equally  accordant  with  the  Taconian, 

In  Sutherland — the  queen  of  Scottish  counties — Professor  Heddle 
is  at  his  best.  Its  magnificent  scenery,  its  remarkable  mineralogy, 
and,  above  all,  its  unique  geological  ieatures,  seem  to  have  aroused 
all  his  interest.  He  devotes  two  successive  instalments  of  his  work 
to  a  description  of  this  county  alone.  In  the  first  of  these,  the 
scenery  of  the  region  is  described  and  discussed  with  the  pen  of  an 
enthusiast.  In  the  second  an  extended  account  is  given  of  its  varied 
geological  formations,  from  the  basal  homblendic  gneiss  of  the  west 
to  the  micaceous  gneisses  of  the  interior.  As  respects  the  relation 
of  the  Hebridean  gneisses  and  the  Torridon  Sandstone,  Prof.  Heddle 
agrees  generally  with  his  predecessors.  As  regards  the  presence  of 
the  quartzites  in  the  Assynt  district,  and  of  intercalated  dolomitic 
limestones  and  marbles,  which  are  succeeded  above  by  the  Suther- 
landsliire  gneiss,  he  agrees  substantially  with  Murchison  and  Geikie, 
but  adds  hirgely  to  our  previous  knowledge  of  the  local  distribution 
of  these  rocks.  In  the  matter  also  of  the  so-called  igneous  rocks  he 
is  in  genenil  accord  with  the  last-named  observers,  and  adduces  so 
many  instances  of  intercalation  that  it  is  almost  impossible  to 
avoid  the  conclusion  that  we  have  here  a  series  of  contemporaneous 
volcanic  sheets.  But  as  regards  the  relation  between  the  fossiliferous 
limestone  of  Durness  and  the  un fossiliferous  limestone  of  Assynt, 
Prof.  Heddle's  ideas  are  wholly  revolutionary.     He  shows  by  several 
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analyses  that  the  Durness  and  Assynt  Limestones  are  very  distinct 
in  chemical  composition,  the  latter  being  a  typical  Dolomite,  contain- 
ing about  45  per  cent,  of  carbonate  of  magnesia,  while  the  former 
is  an  ordinary  Limestone,  containing  only  about  3^  per  cent,  of 
(nagnesian  carbonate.  Several  other  distinctions  between  the  two 
limestones  are  pointed  out,  and  the  author  contends  that  these  two 
rocks,  hitherto  united  by  all  investigators,  are  totally  distinct  in 
^)logical  age — **  Different  in  composition,  different  in  structure, 
pregnant  with  fossils,  more  highly  metamorphosed,  associated  with 
uewer  rocks,  altogether  out  of  place, — it  will  need  absolutely  new 
evidence  before  our  theoretical  geologists  are  warranted  in  declaring 
this  (Durness)  Limestone  to  be  a  chip  off  that  old  block  of  (Assynt) 
Dolomite,  which  now  stands  above  it  And  if  the  two  *  Limestones' 
be  different,  then  the  whole  fabric  of  Murohison's  -correlation  of  the 
rocks  which  overlie  the  Dolomite  falls  to  the  ground." 

To  this  sweeping  conclusion  the  average  reader  of  Prof.  Heddle's 
work  will  probably  expose  the  very  natural  suggestion  that,  although 
the  Durness  fossiliferous  Limestone  may  not  be  the  exact  counter- 
part of  the  Lower  or  true  Dolomitic  Limestone  of  Assynt,  as  hitherto 
believed ;  yet  it  may  perhaps  be  the  representative  of  the  Upper 
Assynt  Limestone — the  Ledbeg  marble  :  which,  as  Dr.  Anderson  has 
shown  (pp.  815  and  316),  agrees  almost  exactly  in  chemical  composi- 
tion with  the  Durness  bed,  and  is  placed  by  Dr.  Heddle  himself  in 
the  Quartzitic  series,  between  the  igneous  rocks  and  the  Upper 
Grneiss :  and  if  this  be  the  case,  the  argument  of  Murohison  and 
Geikie  stands  unaffected. 

l^his  suggestion,  however,  again  lands  us  in  some  awkward  diffi- 
julties,  and  the  new  school  of  Archaean  geologists  may  well  draw 
encouragement  from  the  fact  that  the  two  most  eminent  chemists  on 
Dpposite  sides  of  the  Atlantic,  who  have  largely  devoted  their  own 
special  science  Mo  the  study  of  matters  more  or  less  connected  with 
geology,  should  have  so  strongly  pronounced  in  favour  of  their  views. 
And  when  the  history  of  their  anticipated  Highland  conquest  comes 
to  be  written,  Prof.  Heddle  and  his  bold  and  brilliant  contributions 
to  the  controversy  will  hold  a  prominent  and  honoured  place  therein. 
Even  the  peaceful  students  of  the  gradual  development  of  geological 
iiscovery,  who  look  upon  this  conflict  from  a  distance,  and  watch  the 
ilternate  successes  of  the  opposing  forces  of  long-established  authority, 
md  pre -conceived  theory,  cannot  but  feel  grateful  to  Prof.  Heddle 
for  having  taught  them  that  the  Highland  question  is  a  vastly  greater 
problem  than  it  appears  from  a  distance.  It  appears  impossible  to 
resist  the  conclusion  that  when  the  subject  is  attacked  earnestly  in 
the  good  old-fashioned  way  of  mapping  every  foot  of  the  disputed 
ground,  and  allowing  the  facts  to  speak  for  themselves,  the  sequence 
will  eventually  be  found  to  be  **  clear  and  simple,  and  quite 
inalogous  to  those  of  other  mountain  regions,"  and  that  when  all 
the  evidence  is  before  us,  this  old  mountain  re^on,  like  that  of  the 
Alps  themselves,  will,  even  in  its  difficulties  and  anomalies,  afford 
mother  and  a  "  most  triumphant  proof  of  the  value  of  the  old  long- 
established  principles  of  British  geology.'* 
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We  have  hardly  left  oarselves  room  to  speak  of  the  Talnable  mapi 
which  illustrate  the  work  of  Professor  Heddle.  They  are  ail 
carefully  lithographed  and  coloured,  and  will  be  found  of  great 
service  to  the  mineralogical  student  and  collector.  Two  of  these 
maps,  those  of  the  Shetland  Islands  and  of  the  Coanty  of  Sutherland, 
are  more  than  ordinarily  ambitious.  The  former  is  certainly  the  best 
map  of  the  Northern  Islands  yet  issued  to  the  pablia  The  latter, 
which  is  founded  upon  the  well-known  map  of  the  Duke  of  Suther- 
land, is  most  interesting  from  the  fact  that  it  embodies  the  results 
of  the  extended  geological  researches  of  the  author  in  the  disputed 
Durness  and  Assynt  r^ion.  It  is  published  separately,  and  is  ac- 
companied by  a  separate  pamphlet,  explanatory  of  the  author's  view& 

In  his  descriptions  of  minerals  and  mineral  localities.  Professor 
Heddle  is  most  patient  and  painstaking ;  but  his  accounts  of  the 
scenery  and  geognosy  of  the  different  areas  are  most  attractive  to 
the  geological  reader.  He  hurries  us  onward  from  point  to  point 
and  scene  to  scene,  hardly  allowing  us  time  to  take  breath.  His 
style  is  often  a  little  high-pitched  perhaps,  but  never  flat  or  nn- 
interesting.  Through  all  we  catch  the  enthusiasm  of  the  lover  of 
nature,  the  flow  of  joyous  animal  spirits,  the  sweet  breath  of  fresh 
air,  and  the  exhilaration  of  the  mountain  breeze.  The  mass  of  the 
work  is  of  course  interesting  only  to  the  mineralogical  student,  to 
whom  the  book  in  its  completed  form  will  become  an  absolate 
necessity.  But  much  of  it  is  interesting  not  only  to  British  geologists 
in  general,  but  to  all  those  who  love  nature  and  nature's  interpreten: 
and  we  trust  that  the  author  will  find  time  and  opportunity  to 
complete  a  work  so  worthily  begun. 
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I.— June  7,  1S82.— J.  VV.  Hulke,  Esq.,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : — 

1. — Tlie  Presi^lent  read  the  following  note,  forwarded  by  Don 
Manuel  F.  de  Castro,  Director  of  the  Geological  Survey  of  Spain  :— 
**  On  the  Discovery  of  Triassic  Fossils  in  the  Sierra  de  Gador,  Pro- 
vince of  Almeria,  Spain." 

"  The  metalliferous  limestone  of  the  Sierra  de  Gador,  owing  to  no 
fossil  remains  having  been  found  prior  to  this  occasion,  has  been  a 
l)erfect  puzzle  to  all  geologists  for  the  last  fifty  years. 

"  MM.  Maestro,  Amar  de  la  Torre,  Peruolet,  Ansted,  and  Cooke 
considered  these  limestones  to  belong  to  the  Transition  series,  the 
former  taking  it  as  a  representative  of  the  Mountain  Limestones 
of  other  parts  of  Europe.  M.  Prado  hinted  that  they  might  be 
Devonian  ;  whilst  M.  Willkomm,  in  the  geological  map  publishedlto 
accompany  his  botanical  researches  in  Spain,  considered  them  Silurian. 
Lately,  MM.  Botella  and  Vilanova,  in  their  respective  maps,  have 
marked  them  as  belonging  to  the  Permian  series ;  whilst  31.  de 
Verneuil,  coming  nearer  to  the  truth,  took  the  whole  of  the  lime- 
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x>De8  to  the  south  of  Oranada  and  the  Sierra  de  Oador  as  Triassio, 
lough  in  doubt  ('  Trias  incertain '). 

'*  Under  these  circumstances,  I  was  commissioned  by  the  Director 
r  the  Geological  Survey  of  Spain  to  investigate  the  S.W.  portion  of 
le  Province  of  Almeria,  which  comprises  the  Sierra  de  Gkidor.  In 
'ebniary  last  I  had  the  good  fortune  of  discovering  abundant  fossil 
dmains  in  different  parts  of  the  Sierra  de  Gador,  which  perfectly  fix 
le  age  of  the  metalliferous  limestones  of  this  part  of  Spain. 

''The  whole  series  of  rocks  forming  this  nerra,  resting  on  the 
lica  schists  and  slates  of  the  Sierra  Nevada,  is  a  succession  of  black, 
^hite,  and  purple  talcose  schists  at  the  base,  which  alternate  with 
ome  beds  of  yellowish  and  porous  limestone,  and  which  pass 
lirough  a  considerable  thickness  of  grey  limestones  and  slates,  and 
recisely  where  the  fossils  have  been  found,  to  the  metalliferous 
imestoue  of  Sierra  de  Gador,  which  appears  to  form  the  top  of  this 
ateresting  formation. 

"  The  fossils  found  belong  to  the  following  genera : — Myophoria 
Af.  lavigaia  and  M,  Ooldfussi),  Hinnite$,  MonoUs,  AvictUa  {A.  Bronni), 
iyacites,  Rissoa,  and  many  others  difficult  to  determine. 

''  The  places  where  the  fossils  have  been  found  are  the  following : 
n  the  southern  slopes  of  the  Sierra  de  Gador,  in  the  Rambla  del 
lanuelo ;  midway  on  the  road  from  Felix  to  Marchal ;  and  in  the 
•lace  named  La  Solana  del  Fondon,  to  the  left  of  the  River  Andarax, 
ollowing  the  track  between  the  mine  Sebastopol  and  the  town  of 
31  Fondon.  Joaquin  Gonzalo  t  Xavikb." 

2.  **The  Girvan  Succession.  —  Part  I.  Stratigraphical."  By 
diaries  Lapworth,  Esq.,  F.G.S.,  Professor  of  Geology  in  the  Mason 
Icience  College,  Birmingham. 

The  Lower  Palaeozoic  rocks  of  the  neighbourhood  of  Girvan,  in 
be  south  of  Ayrshire,  have  long  been  famous  for  the  remarkable 
ariety  of  their  petrological  features,  and  for  the  abundance  and 
eauty  of  their  organic  remains ;  but  the  strata  are  so  intermingled 
nd  confused  by  faults,  folds,  and  inversions,  that  it  has  hitherto 
een  found  impossible  to  give  a  satisfactory  account  of  the  geological 
tructure  of  the  region. 

The  most  remarkable  formation  in  this  Girvan  area  is  a  massive 
oulder-conglomerate,  several  hundreds  of  feet  in  thickness,  which 
jrms  the  high  ground  of  Benan  Uill,  and  ranges  throughout  the 
istrict  from  end  to  end.  Employing  this  formation  as  a  definite 
orizon  of  reference,  the  author  showed,  by  numerous  plans  and 
actions,  that  it  was  possible  for  the  geologist  to  work  out  the  natural 
rder  of  the  strata,  both  above  and  below  this  horizon,  and  to  con- 
truct  a  complete  stratigraphical  and  palaeontological  scheme  of 
le  entire  Girvan  succession.  This  succession  is  composed  of  the 
allowing  members,  arranged  in  descending  order : — 

(I.)  iJppKB  Gib  VAN  Books. 

D.)  Dailly  Series  (1500  to  2000  feet),  including  the 

(3)  Straiton  Groupy  consisting  of  grey  flags,  shales,  and  grits,  with  Beyrichia 
Kladeniy  Cardiola,  etc. 
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(2)  Binrgany  Group,  of  pale  fla^^nes,  shalet,  and  nmdiifawif,  with  Retiel^ 
GeinitziantiMj  Cyrtograpttu  Gravis  etc. 

(1)  Fenkill  Group^  of  purple  madstones,  grej  flags,  and  greywackes,  with 
Cro$Mopodia,  ProtovirguUtria^  etc. 

(C.)  Newlands  Series  (1000  to  1500  feet),  embracing  the 

(3)  Camregan  Group,  etc.,  of  yellow  thick-bedded  grits  and  dark  shales,  with 
a  band  of  calcareous  rock';  abounding  in  FenUwunu  oUamgtu,  Atrjfp* 
reticulariSf  Raitrites  maximus,  and  Monograptus  Sedgwiekii, 

(2)  8augh-HiU  Group,  composed  of  alternations  of  coane  pebbly  grit  and 
zones  of  grey  and  black  shales,  with  a  coarse  conglomerate  at  the  biuK.  Its 
commonest  fossils  are  Strieklandi/tia  ltn$,  FetUamenu  oUongut,  FatuUa 
gothlanduuMf  Monograptut  leptotheca,  etc. 

(1)  MuUoch'HiU  Groupf  formed  of  shelly  sandstones  underlain  by  a  cosrse 
boulder-conglomerate,  and  containing  hosts  of  Brachiopoda,  etc.,  chi^j 
MeritUlla  angutti/rontf  Atrypa  hemitpintriea,  NidmlUet  ftunu,  etc 

Lower  Girvak  Rocks. 
(B.)  Ardmillan  Series  (1800  to  2000  feet),  embradng  the 

(4)  JDrummuek  Group  of  soft  grey  mudstones,  etc.,  with  TrinttdeuM  tetieomii, 
Ampyx,  StturoeephaluSy  DtetUograplut,  etc. 

(3)  Barren  or  Shalloch  Flagstone*. — A  great  thickness  of  alternations  of  grey 
or  green  flagstones  and  shales,  generally  destitute  of  fossils. 

(2)  Whitehouae  Group. — Purple  and  green  shales  and  mudstones,  striped  flag- 
stones and  calcareous  beos,  with  Dionide,  Dindgmene,  AEglina,  Agnoitui^ 
Dietgonema,  I)ieellograptu»y  and  Pleurograptus, 

(1)  The  Ardtcell  Group  of  dark  Graptolitic  flagstones  and  shales,  with  oc- 
casional fossiliferous  seams  affording  examples  of  Dieranograptus,  LepUh 
graptuSf  and  ClitnaeograptuSj  etc. 

(A.)  Barr  Series  (800  to  1000  feet),  composed  of  the 

(4)  Balelatchie  Beds. — Highly  fossiliferous  pebbly  grits  and  nodular  shales, 
with  Lingula  Ramsayi^  L.  eanadentiSf  Siphonotreta  tnicula,  FeinopUurideSj 
Glo88ograptu9,  etc. 

(3)  Btnan  {or  Green)  Conglomerate, — Massive  boulder-beds  of  great  thickness, 
unfosailiierous. 

(2)  Stinchar  {or  Craighead)  Limestone  Group,  composed  of  compact  lime- 
stones, nodular  and  calcareous  flagstones  and  shales,  with  Maclurea  Logani, 
Ophtleta,  Orthis  omjims,    Telradium,  Didumograpttu,  Clnthrograpttu,  etc. 

(1)  Kirklnnd  {or  Purple)  Conglomerate. — Coarse  boulder-beds  and  sandstones, 
generally  ol  a  purple  colour. 

It  was  shown  that  the  highest  beds  of  this  succession  are  faulted 
against  strata  of  Carboniferous  age.  The  discussion  of  the  relation- 
ship of  its  lowest  beds  to  the  igneous  and  metamorphic  rocks  of 
liallantrae  was  deferred  to  a  future  paper.  The  author  pointed  out 
how  perfectly  this  reading  of  the  succession  explained  the  anomalies 
hitherto  supposed  to  obtain  among  the  fossils  of  the  Girvan  region. 
"When  the  organic  remains  collected  from  these  strata  by  previous 
investigators  (notably  the  magnificent  Gray  collection)  are  referred 
to  their  natural  horizons  in  this  stratigraphical  succession,  it  is 
found  that  each  of  the  great  petrological  divisions  of  the  Girvan 
series  has  a  collective  fauna  peculiarly  its  own,  and  that  the  general 
zoological  gradation  is  identical  with  that  of  the  acknowledged 
sequence  in  the  typical  Lower  Palaeozoic  areas  in  Wales  and  the 
West  of  England. 

The  Lower  Girvan  rocks  are  clearly  of  Ordovician  age ;  while  the 
Upper  Girvan  rocks  as  distinctly  appertain  to  the  Silunan.  The 
Barr  Series  corresponds  to  part  of  the  Llandeilo-Bala  of  Wales ;  and 
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tbe  ArdmiUan  Series  is  of  Caradoc-Bala  age.  The  Newlands  Series 
answers  to  the  Llandovery  formation  of  Murchison,  containing 
similar  fossils  and  corresponding  local  breaks  in  the  succession. 
The  Purple  Shales  of  Penhill  correspond  in  systematic  position, 
petrological  features,  and  fossils  with  the  Tarannon;  and  the  Straiton 
Beds  represent  the  lower  division  of  the  Wenlock. 

The  development  of  the  paleeontological  features  of  the  several 
zones  of  life  in  this  succession,  and  the  demonstration  of  their 
correspondence  with  the  zones  already  recognized  in  the  synchronous 
Lower  Palasozoic  strata  of  MofTat,  the  Lake-District,  Scandinavia, 
and  elsewhere,  were  reserved  by  the  author  for  a  second  part  of  this 
memoir. 

3.  "  Notes  on  the  Annelida  tuhieola  of  the  Wenlock  Shales,  from 
the  Washings  of  Mr.  Geo.  Maw,  F.G.S."  By  Geo.  R.  Vine,  Esq. 
Communicated  by  Prof.  P.  Martin  Duncan,  M.B.,  P.R.S.,  V.P.G.S. 

The  author  commenced  with  a  sketch  of  the  bibliography  of  the 
subject  and  of  the  known  Silurian  genera  of  tubioolar  Annelids. 
This  was  followed  by  a  description  of  the  following  genera  and 
their  contained  species : — Comulites,  ConchicoliieSy  Orionia,  Spi- 
rorbis.  Of  the  last  there  is  one  species  {S.  mintUus)  from  the 
Buildwas  Shale;  this  differs  only  in  the  slightest  degree  from 
8.  arkonensisj  described  by  Prof.  Nicholson  from  the  American 
Devonians.  This  new  genus,  Arenatubulites,  is  in  many  respects  a 
peculiar  and  interesting  form,  having  the  tube  composed  of  minute 
grains  of  sand,  like  Sabellaria  and  Terebella.  The  author  describes 
two  species,  A.  elongata  and  A.  amplexus ;  they  occur  in  the  Pick- 
wood  beds.  A  description  follows  of  the  genus  Tentacidites,  which 
the  author  referred  to  the  Tubicolar  Annelids,  and  several  species  of 
it  were  described. 

4.  "  Description  of  Part  of  the  Femur  of  Nototherium  MUchellL'^ 
By  Prof.  Owen,  C.B.,  F.R.S.,  F.G.S.,  etc. 

The  specimen  described  consisted  of  the  distal  portion,  probably 
about  one-half,  of  a  femur  obtained  from  Darling  Downs,  Queens- 
land, and  received  by  the  author  from  Dr.  George  Bennett.  Its 
principal  differences  from  Diprotodon  are  that  it  has  no  depression 
above  the  outer  condyle,  but  in  its  place  a  rough  longitudinal  rising 
for  the  attachment  of  the  same  or  of  a  homologous  muscle ;  and 
the  hinder  surface  of  the  outer  condyle  is  transversely  convex.  The 
relative  width  of  the  post-condylar  fossa  resembles  that  in  Phasco- 
lomys ;  and  a  further  resemblance  to  the  Wombats  consists  in  the 
more  equal  prominence  of  the  lateral  boundaries  of  the  rotular 
surface  than  in  Diprotodon  and  Macroptts,  .The  bone  differs  from 
the  coiTesponding  part  in  the  Wombats  by  several  subordinate  cha- 
racters, and  the  animal  to  which  it  belonged  would  seem  to  have 
been  intermediate  between  Phascolomys  and  Macropus.  From  the 
size  and  characters  of  the  bone  the  author  referred  it  to  Nototherium 
Mitchelli ;  its  breadth  across  the  condyles  is  5|  in. 

5.  "  On  Uelicopora  latispiralis,  a  new  spiral  Fenestellid  from 
tlie  Upper  Silurian  beds  of  Ohio,  U.S.''  By  E.  W.  Claypole,  Esq., 
B.A.,  B.Sc.  (Lond.),  F.G.S. 
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The  author  referred  to  the  genus  Arehimedsi^  recognized  by 
Lesueur,  D.  D.  Owen,  and  James  Hall,  as  a  spiral  form  of  Fenes- 
tellid,  the  remains  of  several  species  of  which  occur  in  Lower  Car- 
boniferous Limestone  rocks  in  the  United  States.  In  Archimedes 
there  is  always  a  strong  central  ^haft  The  species  here  described 
by  the  author  under  the  name  of  Helicopora  latispiraltM  occurs  in 
the  Upper  beds  of  the  Niagara  group  of  the  Upper  Silurian  at  Cedar- 
ville,  Ohio ;  and  the  new  genus  is  distinguished  from  Archimedes  by 
the  absence  of  the  solid  stony  axis  above  mentioned.  Its  character 
as  given  by  the  author  is  as  follows  : — **  Polyzoary  expanded,  fenes- 
trate, and  spiral,  formed  of  slender,  bifurcating  branches  poriferouB 
on  one  face,  connected  by  non-poriferous  bars  forming  an  open  net- 
work ;  cells  arranged  in  two  rows  along  the  branches,  one  row  on 
each  side  of  a  median  keel.  Axis  very  thin,  or  consisting  only  of 
the  thickened  central  border  of  the  spiral  polyzoary."  The  species 
described  grows  to  as  much  as  eight  inches  in  diameter.  The 
author  has  seen  a  second  species  of  the  genus. 

n.— June  21,  1882.— J.  W.  Hulke,  Esq.,F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read : — 

1.  <'  On  Thecospondylus  Horneri,  a  new  Dinosaur  from  the  Hastings 
Sand,  indicated  by  the  Sacrum  and  the  Neural  Canal  of  the  Sacral 
Region."     By  Prof.  H.  G.  Seeley,  F.R.S.,  F.G.S. 

The  author  described  a  mould  of  the  neural  canal  of  the  sacral 
region  of  a  Dinosaur,  obtained  by  Dr.  A.  C.  Homer,  of  Tunbridge, 
from  a  quarry  in  the  Hastings  Sand  at  Southborough.  The  specimen 
is  about  2  feet  long,  slightly  imperfect  at  both  ends,  but  showing 
indications  of  five  complete  vertebrae,  with  traces  of  others  at  the 
two  extremities,  making  at  least  seven  vertebrae  in  all.  The  general 
form  of  the  neural  chamber  is  compressed  from  side  to  side,  and 
dilated  from  below  upwards,  especially  in  the  region  of  the  second, 
third,  and  fourth  vertebrae,  its  depth  over  the  third  foramen  being 
nearly  3^  inches.  Indications  of  bone  preserved  on  the  surface  seem 
to  show  that  the  neural  canal  was  inclosed  in  a  mere  bony  film. 
The  indications  of  transverse  processes  show  that  they  were  directed 
forward  in  front,  outward  in  the  middle,  and  backward  behind. 
The  first  process  on  the  right  side,  which  is  preserved,  expands 
somewhat  conically  outwards  and  forwards,  and  terminates  in  a  large 
flattened  facet  for  the  ilium.  For  the  animal  indicated  by  this 
specimen  the  author  proposed  to  found  a  new  genus,  Thecospondylus, 
and  named  the  species  T,  Homeri, 

2.  "On  the  Dorsal  Region  of  the  Vertebral  Column  of  a  new 
Dinosaur,  indicating  a  new  genus,  Sphenospondylus,  from  the  Wealden 
of  Brook,  in  the  Isle  of  Wight,  preserved  in  the  Woodwardian 
Museum  of  the  University  of  Cambridge."  By  Prof  H.  G.  Seeley, 
F.R.S.,  F.G.S. 

In  this  paper  the  author  described  a  series  of  six  vertebrae,  re- 
markable for  the  great  latered  compression  of  the  centinim,  which  is 
so  narrowed  inferiorly  as  to  terminate  in  a  sharp  longitudinal  ridge. 
The  centra  average  about  3^  inches  in  length.     The  neural  arches 


Geological  Society  of  London,  379 

are  depressed;  the  transverse  processes  are  at  first  directed  back- 
ward, but  soon  become  directed  outward,  retaining  their  upward 
direction ;  the  facet  for  the  head  of  the  rib  is  at  first  large,  placed  at 
the  base  of  the  transverse  process  and  bounded  behind  by  a  sharp 
ridge  which  runs  to  the  hinder  margin  of  the  neural  arch ;  but  after- 
wards the  rib-head  rises  higher,  so  as  to  be  chiefly  above  the  syga- 
pophysial  facets,  and  then  it  becomes  smaller,  the  ridge  behind  it 
disappears  more  or  less,  and  the  transverse  process  becomes  vertically 
compressed  and  thin.  The  author  referred  to  other  vertebrae  showing 
similar  characters  contained  in  the  Fox  Collection  in  the  British 
Museum,  but  stated  he  had  seen  neither,  cervical  nor  caudal  vertebra 
of  this  type.  The  animal  indicated  by  these  remains  was  regarded 
by  the  author  as  constituting  a  new  genus  most  nearly  allied  to 
Iguanodon,  for  which  he  proposed  the  name  of  Sphenospondylus ;  but 
he  abstained  from  giving  the  type  a  specific  name  **  in  view  of  the 
likelihood  of  these  vertebrae  pertetining  to  the  Iguanodon  Seelyi.*' 

3.  *•'  On   Organic  Remains  from   the  Upper  Permian   Strata  of 
Kargalinsk  in  Eastern  Russia."   By  W.  H.  Twelvetrees,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  Kargalinsk  steppe,  north  of 
Orenburg,  as  consisting  of  a  grassy,  treeless,  undulating  steppe,  with 
sluggish,  winding  streams,  in  the  banks  of  which,  and  in  ravines, 
the  exposures  of  subsoil  show  only  red  marl  or  sandstone  devoid  of 
fossils.  Mine-borings  and  shafts  go  down  through  red,  yellow,  and 
grey  sandstones  and  red  and  white  marls,  which  are  fossiliferous 
wherever  the  beds  of  copper-ore  exist.  On  the  eastern  border  of 
the  steppe  there  are  two  protrusions  of  limestone,  with  Terehrattda 
elongatay  Loxonema,  etc.,  on  outcrops  running  nearly  N.W.  and  S.E., 
which  throw  off  the  cupriferous  sands  east  and  west.  The  western 
of  these  outcrops  in  its  southern  continuation  near  Sakmarsk  is 
charged  with  Permian  fossils,  including  the  above ;  the  same  lime- 
stone, regarded  by  the  author  as  belonging  to  the  Zechstein,  crops 
up  in  other  places  and  apparently  underlies  the  whole  basin  of  the 
steppe,  the  upper  sandstones  resting  conformably  upon  it.  From 
the  latter  the  author  gave  the  following  list  of  fossils :  —Cardiopteris 
Kutorga  {-=■  Arotdes  crasstspatka)^  Walchia  hiarmica  and  piniformiSf 
Lepidodendron,  Schizodendron  ivherculatum,  Anomorrhaa  Fischeri, 
Caulopifcris  ?,  Calamites  infractus,  Suckowi^  gigaSt  and  leioderma,  Unto 
umbonatus,  Platyops  Richardi  (a  Labyrinthodont),  Rhopalodon  Wati' 
genhdnseri,  Cltorhizodon  orenburgenaisy  Deuterosaurua,  and  various 
Labyrinthodont  and  Reptilian  remains.  Upon  these  the  author 
remarked  that  the  list  of  plants  has  a  Palaeozoic  aspect,  while  the 
Reptilian  remains  seem  to  be  more  of  a  Secondary  character.  After 
consideration  of  all  the  facts,  the  author  came  to  the  conclusion  that 
possibly  some  of  the  beds  in  the  central  part  of  what  is  known  as  the 
Permian  basin  may  be  passage-beds  between  the  Permian  and  Trias, 
hut  that  the  Kargalinsk  series  includes  the  uppermost  beds  of  the 
Permian. 

4.  "  The  Rhaetics  of  Nottinghamshire."   By  E.  Wilson,  Esq.,  F.G.S. 
During  the  last  few  years  several  sections  of  the  Rhaetic  beds,  in 

addition  to  those  already  known  near  Gainsborough  and  Newark, 
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have  been  expose<1  in  making  railway-cuttings.  These  were  described 
by  the  author.  The  beds  usually  assigned  to  the  RhsBtic  consist  of 
Lower  Rhsetic — greyish  or  greenish  marls  ;  Middle  or  Avieula'Con- 
iorta  series;  and  Upper  Rhsetic  (white  Lias),  a  series  of  variable 
shales  and  light-coloured  limestones.  The  author  pointed  out  that  in 
the  Nottinghamshire  district  there  is  always  a  clear  line  of  division, 
and  sometimes  indications  of  erosion  between  the  Avicula-contorfa 
series  and  the  so-called  Lower  Rhsdtic  beds,  while  the  latter  graduate 
down  uninterruptedly  into  the  Upper  Eeuper  Marls.  Further,  they 
are  practically  unfossiliferous,  while  in  the  other  series  there  is 
evidence  of  marine  life  and  the  remains  of  a  fauna  ranging  upwards 
into  the  Lias.  Hence  the  author  proposed  to  class  these  Lower 
Khaetics  with  the  Trias,  and  regard  the  RhsBtic  series  as  commencing 
with  the  base  of  the  Avicula-contorta  group. 

5.  **  On  the  Silurian  and  Cambrian  Strata  of  the  Baltic  provinces 
of  Russia,  as  compared  with  those  of  Scandinavia  and  the  British 
Islands."  By  Dr.  F.  Schmidt  Communicated  by  Dr.  H.  Woodward, 
F.R.S.,  F.G.S. 

The  Cambrian  and  Silurian  strata  in  question  are  found  stretching 
over  an  area  400  miles  long  by  80  miles  wide.  The  country  occu- 
pied by  these  strata  is  a  nearly  uniform  plain  covered  by  glacial 
deposits,  but  sections  are  presented  by  the  sea-clifFs,  which  are  from 
90  to  150  feet  high.  The  strata  consist  mainly  of  marls  and  lime- 
stones, arenaceous  deposits  being  rare,  and  they  form  a  continuous 
series  from  the  base  of  the  Cambrian  to  the  top  of  the  Silurian,  the 
whole  of  these  strata  being  in  conformable  succession  and  unconform- 
ably  overlain  by  the  Devonian.  Although  the  representative  of  the 
Cambrian  or  Primordial  Silurian  contains  neither  Paradoxides  nor 
Olenns,  nor,  indeed,  any  Trilobites  whatever,  but  only  Lingulidae  and 
Graptolites,  yet  its  stratigraphical  position  leaves  no  doubt  as  to  its 
age.  The  Lower  Silurian  or  Ordovician  is  the  richest  of  the  divi- 
sions, the  strata  of  this  age  forming  a  perfectly  continuous  series. 
The  author  divides  these  beds  into  the  stages  B,  C,  D,  E,  and  F, 
several  of  which  are  divisible  into  substages.  Of  the  stage  B  the 
lowest  bed,  1  to  10  feet  thick,  consists  of  the  Glauconite- bands  con- 
taining the  casts  of  Foraminifera  described  by  Ehrenberg,  which 
correspond  to  the  Ceratopyge  stage  of  the  Scandinavian  geologists. 
Above  this,  and  closely  connected  with  it,  is  the  Glauconite-limestone, 
from  12  to  40  feet  thick.  Next  comes  the  famous  Or/Ais-limestone, 
a  thin  bed  with  a  very  interesting  fauna,  corresponding  to  that  of 
the  PhyUograptuS'SchiatB.  The  author's  beds  C,  D,  E,  and  F  can  be 
paralleled  with  the  strata  of  Scandinavia,  but  have  no  exact  repre- 
sentatives in  the  British  Islands.  The  stage  E  appears  to  represent 
the  Bala  of  England  or  the  Trenton  of  North  America.  Although 
there  is  no  stratigraphical  break,  there  is  a  marked  pal  aeon  tological 
division  between  the  Upper  and  the  Lower  Silurian,  there  being  no 
strata  of  intermediate  age  represented.  The  Upper  Silurian  is 
divided  by  the  author  into  the  stages  G,  H,  I,  K,  which  can  be 
exactly  correlated  with  the  strata  of  Scandinavia.  The  stages  G,  H 
do  not  appear  to  have  precise  representatives  in  the  British  Islands, 
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but  I  is  undoubtedly  equivalent  to  the  Wenlook,  and  K  to  the  Ludlow. 
In  the  Baltic  provinces  there  are  no  representatives  of  the  passage- 
beds  and  Lower  Devonian,  but  the  Silurian  strata  are  unconformably 
covered  by  the  Old  Red  Sandstone  with  Coccosteus,  Asterolepis, 
BothrtolepiSy  Homosteus,  and  Heierostem,  there  being  a  marked  over- 
lap between  the  two  series.  The  author  argues  in  favour  of  con- 
sidering the  Cambrian,  Ordovician,  and  Silurian  as  forming,  in  the 
Baltic  provinces,  one  "  system."  The  author  is  able  to  construct  a 
section  connecting  the  Silurians  of  Russia  and  Scandinavia,  and  pass- 
ing through  the  islands  of  Gothland  and  Oesel.  The  paper  is  accom- 
panied with  a  map  and  a  tabulated  list  of  fossils  found  at  the  several 
horizons  which  have  been  distinguished  by  the  author.  He  points 
out  which  of  these  species  are  found  ranging  into  other  areas,  and 
proposes  eventually  to  publish  figures  and  descriptions  of  the 
characteristic  Russian  forms.  The  first  part  of  the  author's  palsooti- 
tological  work  has  just  appeared  A  the  shape  of  a  memoir  describing 
60  species  of  Trilobites  of  the  genera  Phacops,  Cheirurua,  and  Encri- 
nurus.  The  total  number  of  species  of  the  Trilobites  is  about  150, 
of  which  only  about  15  occur  in  the  Upper  Silurian. 

6.  **  On  Chilostomatous  Bryozoa  from  Bairnsdale  (Gippsland)." 
By  A.  W.  Waters,  Esq.,  F.G.S. 

This  paper  continues  the  author's  work  on  South  Australian 
Bryozoa,  already  communicated  to  the  Society.  It  describes  a  col- 
lection made  by  Mr.  J.  R.  Y.  Goldstein,  containing  40  forms,  of 
which  12  were  not  previously  known  to  have  existed  in  Australia. 
Several  species,  however,  known  in  other  places  as  incrusting,  here 
occur  in  the  Eschara  habit,  and  altogether  the  number  of  incrusting 
species  from  this  locality  is  small.  The  author  calls  attention  to  the 
frequency  with  which  the  Australian  Bryozoa  exhibit  different  modes 
of  growth,  showing  the  importance  of  preferring  for  cleissification 
zooecial  to  zoarial  characters.  The  three  localities  in  Australia  have 
furnished  126  species  of  Chilostomata,  of  which  51  are  known  living 
and  41  fossil ;  14  are  considered  identical  with  European  Miocene 
species,  17  with  Pliocene,  and  4  are  thought  to  be  identical  with 
Cretaceous  species.  The  author  gives  a  detailed  description  of  the 
various  species  in  his  Bairnsdale  collection. 

7.  "  Tlie  Silurian  Species  of  Glauconome,  and  a  suggested  Classifi- 
cation of  the  Palaeozoic  Polyzoa."  By  G.  W.  Shrubsole,  Esq.,  F.G.S., 
and  G.  R.  Vine,  Esq. 

The  author  discussed  the  history  of  our  knowledge  of  the  genus 
Glauconome,  and  especially  of  the  Silurian  species.  They  then 
characterized  the  genus,  to  which  they  refer  only  the  Bala  species 
formerly  regarded  as  identical  with  G,  distichay  Goldf.,  but  which 
they  describe  as  G.  Sedgwickii,  Shrubs.  Glauconome  disticha,  Goldf., 
from  the  Wenlock  of  Dudley,  is  taken  as  the  type  of  a  new  genus, 
Arcanopora, 

The  authors  then  remarked  upon  the  characters  on  which  the 
classification  of  the  Polyzoa  is  founded,  drawn  from  the  study  of  the 
recent  forms,  and  stated  that  throughout  the  Cainozoic  and  Mesozoic 
series  no  Polyzoa  are  known  which  cannot  be  referred  to  the  recog- 
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nized  groups.  Many  Palseozoio  forms  are  in  a  different  case.  The 
orifices  seen  on  the  surface  are  not,  in  many  instances,  the  mouths 
of  the  cells,  but  those  of  what  the  authors  call  vesiibuLeB  beneath 
which  the  true  cell-mouth  is  concealed.  For  these  types  they  pro- 
pose to  found  a  new  suborder  under  the  name  of  Cryptostomata, 
and  characterized  by  having  the  zooecia  subtubular,  or,  in  section, 
slightly  angular,  and  the  orifice  surrounded  by  a  vestibale  or  other- 
wise concealed.  The  families  referred  to  this  group  are  the  Ceramo- 
porida9,  PtilodictyidsB,  and  Arcanoporidse. 

8.  '*  On  the  Cause  of  the  Depression  and  Re-elevation  of  the  land 
during  the  Glacial  Period."     By  T.  F.  Jamieson,  Esq.,  F.Q.S. 

The  author  commenced  by  noticing  the  theory  advanced  by  Adhemar 
and  Croll,  according  to  which  the  submergence  was  due  to  the  effect 
of  a  polar  ice-cap  causing  a  displacement  of  the  earth's  centre  of 
gravity  and  thereby  drawing  the  ocean  towards  the  ice-covered 
pole,  and  proceeded  to  show  that  this  theory  is  opposed  to  the  geolo- 
gical evidence,  according  to  which  the  amount  of  submergence  has 
been  unequal  in  adjacent  areas  and  along  the  same  parallels  of 
latitude,  showing  that  the  movement  has  been  in  the  land  and  not 
in  the  sea.  The  facts  of  submergence  also  prove  that  no  such  cap 
of  ice  could  have  existed  at  the  time  in  the  northern  regions. 
Sundry  other  objections  were  also  pointed  out.  The  author  then 
went  on  to  state  his  own  hypothesis,  which  is  to  the  effect  that  the 
depression  of  the  land  was  caused  by  the  weight  of  ice  laid  upon  it 
and  the  re-elevation  by  the  disappearance  of  the  ice.  The  amount 
of  depression  would  depend  partly  on  the  weight  of  ice  and  partly 
on  the  elasticity  or  yielding  nature  of  the  ground  beneath  it  He 
then  proceeded  to  consider  what  was  the  weight  of  ice  that  probably 
existed,  and  referred  to  the  elastic  and  flexible  nature  of  the  earth's 
crust,  as  evinced  by  earthquakes,  etc. 

He  further  considered  the  relation  of  time  to  pressure,  and  touched 
upon  the  probable  rate  of  subsidence,  which  he  supposes  to  have 
been  very  slow  and  gradual.  The  recovery  of  level,  he  thinks,  would 
be  very  gradual,  and  probably,  in  most  cases,  not  complete. 

He  next  proceeded  to  show  how  his  hypothesis  is  borne  out  by  an 
appeal  to  geological  evidence  in  various  countries,  taking  England, 
Ireland,  North  America,  and  Greenland  as  examples.  He  further 
pointed  out  its  application  to  the  facts  connected  with  the  loess  beds, 
fjord  latitudes,  and  lake-basins,  and  concluded  with  some  observa- 
tions on  the  remarkable  connexion  between  glaciation  and  submer- 
gence in  all  countries. 

coieieEs:poi^iDE2<rcE!. 


THE  MOON'S  ACTION  ON  THE  EARTH. 
Sir, — I  dare  say  your  readers  will  have  been  much  interested 
lately  by  Professor  Ball's  new  speculations  regarding  the  moon's 
action  on  the  earth,  and  especially  in  the  creation  of  geological 
changes  on  its  surface  by  it.  His  theory  purposes  to  establish 
gigantic  tides  in  the  far-off  history  of  the  Earth,  upheaved  by  (^ 
closer  approximation  of  the  moon,  and  creating  thereby  a  tremendous 
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force  of  current  to  act  as  a  powerful  denuding  agent.  I  am  strongly 
inclined  to  think  that  some  fallacy  lurks  beneath  this  ingenious 
theory  in  a  geological  point  of  view.  In  the  first  place,  the  moon's 
action  creates  no  currents  in  the  open  sea,  the  open  tide  being  merely 
a  wave  (or  elevation)  of  translation.  The  water  in  the  wave  does 
not  follow  the  moon  at  all,  but  as  soon  as  the  moon  has  passed  that 
spot,  falls  down  again.  2nd.  The  tidal  flows  and  ebbs  in  inclosed 
channels  and  seas  do  not  denude  the  bounding  lands  into  valleys  and 
gorges,  but  level  it  flat,  into  sand  banks  and  mud  banks.  3rd.  The 
awful  rise  and  fall  of  tides  of  648  feet  up  and  down  should  throw 
further  doubt  upon  the  theory,  as  such  could  only  take  place  in  the 
open  ocean  far  away  from  land.  It  would  be  quite  impossible  in 
our  narrow  seas,  where  the  water  would  not  be  deep  enough  for  it 
4th.  A  wave  of  water  cannot  be  conceived  to  travel  over  land  like 
a  gale  or  hurricane,  as  it  would  collapse  at  once  when  brought  into 
shallows  of  its  own  depth  from  the  open  sea.  5th.  As  these  waves 
of  translation  must  have  corresponding  troughs  of  water  to  draw 
upon,  where  could  they  get  them,  except  in  the  open  oceans,  cer- 
tainly not  in  coast  seas  ?  6th.  Therefore  the  disruptive  and  denuding 
agency  expected  from  such  tides  on  the  dry  land  of  continents,  I 
beg  to  suggest  would  be  illusory,  and  impossible  of  achievement. 
The  student  of  Geology  will  do  better  to  adhere  to  the  principles  of 
Greology  taught  by  Sir  C.  Lyell,  than  put  faith  in  Professor  Ball's 
theory  of  tidal  deluges  repeated  every  day  and  tearing  up  diumally 
the  surface  of  the  globe.  Festina  lejnte. 

THE  BRIDLINGTON  CRAG. 

Sir, — As  my  paper  on  the  Bridlington  and  Dimlington  shell-beds 
was  meant  to  be  descriptive,  I  did  not  think  it  necessary  to  lay 
particular  stress  on  the  evidence  which  caused  me  to  doubt  Mr.  8. 
V.  Wood's  assertion  that  "the  Bridlington  shells  unquestionably 
lived  where  they  occur,"  and  I  contented  myself  with  showing  that 
"  the  most  perfect  preservation  "  of  the  shells,  on  which  it  seemed 
to  me  that  Mr.  Wood  had  mainly  relied,  was  not  certain  evidence ; 
and  I  thought  the  general  account  given  of  the  beds  would  have 
proved  the  rest.  Since,  however,  Mr.  Wood  has  drawn  attention  to 
the  matter,  it  will  perhaps  be  as  well  to  group  the  facts  which 
caused  me  to  differ  from  him. 

My  reasons  for  thinking  that  the  shelly  patches  in  the  Basement 
Boulder-clay  are  not  in  place,  but  have  been  transported,  are  briefly 
as  follows : — 1.  Neither  at  Bridlington  nor  at  Dimlington  do  they 
show  any  signs  o^  extension  or  regularity ;  at  both  places  they 
exhibit  the  same  mixture  of  remnants ;  and  the  patches — composed 
of  many  kinds  of  sand,  gravel,  silt  and  clay,  some  with  shells  of  one 
kind,  some  of  another,  many  with  none — all,  so  far  as  I  have  seen, 
occur  at  random  in  the  clay,  like  boulders.  2.  Most  of  the  patches 
are  made  up  of  material  which  I  do  not  think  could  have  been 
obtained  on  this  coast  at  that  time.  Coarse  grains  of  greenish  quartz 
form  much  of  the  sand,  whilst  the  fine  blue  clays  have,  I  think,  been 
made  up,  iu  great  part;  of  the  waste  of  soft  Neocomian  beds.    There 
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are  indeed  Rome  manes  of  drift-gravel  and  cbalk  wash  at  and  near 
the  top  of  the  Boolder-clay,  which  seem  to  have  been  formed  on  the 
spot;  but  these  contain  no  shells.  3.  Fragments  of  Seoondsnr 
deposits  occur  in  the  clay  in  the  same  way  as  these  shelly  patches. 
See  Prof.  Phillips's  description  of  a  large  mass  of  Lias  with  foeala 
(which  did  not  live  where  they  occur)  on  tbe  beach  at  Bridlington; 
(Geol.  of  Yorkshire,  3rd  ed.  p.  85) ;  Mr.  Mortimer's,  of  a  mass  of 
chalk  with  lines  of  black  flint,  at  Easington  (Proo.  Yorkshire  CreoL 
Boc.  1881,  p.  375) ;  and  my  own,  of  Neocomians  at  Flambro  (Proc. 
Yorks.  Geol.  So&  1880,  p.  245),  and  at  Dimlington  (Gkol.  Mag. 
Dec.  1881,  p.  541).  4.  The  whole  aspect  of  the  clay  shows  that  the 
drift  has  not  been  from  the  land.  The  proportion  of  chalk  in  it  is 
not  great,  the  flints  are  nearly  always  black  or  red,  and  not  grey 
like  those  in  the  Yorkshire  Chalk,  strange  igneous  rocks  are  plenti- 
ful, and  Lias  and  Neooomian  remains  are  relatively  far  too  abundant 
to  have  been  carried  over  from  the  opposite  side  of  the  Wolds. 

The  evidence  is  also  against  the  view  that  the  confusion  in  the 
beds  may  be  attributed  to  the  passage  of  later  ice ;  for  though  there 
are  signs  that  this  has  bad  its  local  effect,  yet  as  the  Basement  Clay 
retains  its  peculiar  features  where  beds  of  sand,  gravel,  or  laminated 
clay  come  between  it  and  the  overlying  Boulder-clay,  its  character 
cannot  have  been  greatly  altered. 

The  sands  and  gravels  connected  with  the  Purple  Clay,  to  which 
Mr.  Wood  at  first  referred  these  shells,  have  evidently  in  most  cases 
been  deposited  where  they  now  lie,  and  formed  from  the  same 
materials  as  the  clay.  But  if  Mr.  Wood  has  not  seen  the  shelly  beds 
1  described,  and  has  had  his  impression  that  they  are  in  place  con- 
firmed by  my  paper,  I  fear  my  descriptions  must  be  misleading,  and 
I  beg  leave  now  to  correct  them  on  this  point. 

It  must  always  be  remembered  that  at  Dimlington  there  is  a  great 
space  between  the  Shelly  Boulder-clay  and  the  Chalk  which  is  as  yet 
entirely  unaccounted  for,  and  it  is  very  probable  that  traces  of  un- 
disturbed shell-beds  may  some  time  be  found  lower  down  in  tbe 
section.  G.  W.  Lamplugu. 

Bkidlinotox  Quay. 

niGH-LEVEL  DRIFTS  IN  NORTH  AMERICA. 

Sir, — In  answer  to  Mr.  Lesley's  important  letter  on  high-level 
drifts,  I  would  beg  to  state  that  those  I  discovered  on  Minera  moun- 
tain, North  Wales,  contained  marine  shells  up  to  about  1280  feet 
above  the  present  sea-level,  while  shells  had  previously  been  found 
on  Moel  Tryfan  up  to  1370  feet.  I  have  no#  yet  heard  of  shell- 
bearing  sand  and  gravel  in  North  America  at  a  higher  level  than 
700  feet.     Is  this  their  extreme  altitude  ? 

D.  Mackintosh. 


Eratum. — On  page  320,  in  the  fourth  column,  the  first  three  lines 
should  not  read  as  printed  with  the  brace,  but  as  follows : — 

Overlying  Zone  of  Ammonites  planorbis. 

Kiissener  Schichten  and  Dachstein  Series. 
*  Uauptdolomif  of  Tyrol,  and  »  Plattenkalk.* 
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I. — On  a  Series  of  Phyllopod  Crustaoean  Shields  prom  the 
Upper  Devonian  of  the  Eifel  ;  and  on  one  from  the  Wenlock 
Shale  of  S.  Wales. 

By  Henry  Woodward,  LL.D:,  F.R.S.,  F.G.S., 
of  the  British  Museum. 

(PLATE  IX.) 

HAVING  in  the  autumn  of  1878  arranged  to  make  a  geological 
excursion  to  the  Eifel,  with  my  friend  Mr.  John  Edward  Lee,  . 
F.S.A.,  F.G.S.,  of  Torquay,  we  were  so  fortunate,  when  near  Gerol- 
Btein,  to  meet  Professor  Dr.  Ferdinand  Roemer,  of  the  University  of 
Breslau,  Silesia,  who  has  made  the  Eifel  region  his  specicd  study, 
and  who  cordially  joined  our  party,  giving  us  the  benefit  of  his  great 
knowledge  of  this  most  interesting  geological  region.* 

And  here  let  me  say,  that  to  any  one  interested  in  Devonian 
Geology  and  desirous  to  collect  fossils,  for  themselves,  or  to  study 
the  volcanic  phenomena  of  the  district,  I  cannot  conceive  a  more 
delightful  and  primitive  region  for  a  fortnight's  hammering.  Mr. 
Lee  was  particularly  anxious  to  direct  our  attention  to  the  Upper 
Devonian  beds  of  Biidesheim  (between  Gerolstein  and  Priim),  which 
he  had  carefully  studied  on  a  former  visit  in  1875.*  Besides  abund- 
ance of  small  Goniatiies  and  Orthoceratites,  we  found  by  splitting 
open  the  shale  that  every  lamina  had  numbers  of  bilobed  impressions 
of  some  fossil  organism  on  its  surface,  each  being  coated  with  a 
black  pergamous  layer,  which,  owing  to  the  wetness  of  the  shale, 
from  springs,  was  only  too  easily  removed,  and  when  the  specimens 
were  dried  it  had  a  propensity  to  curl  up  or  split  and  flake  off, 
leaving  only  an  impression  behind. 

These  markings,  from  their  blackness  and  rounded  contour,  are 
called  by  the  natives  **  tinter-flecken "  (ink-spots).  My  first  im- 
pression, on  examining  them,  was  that  they  were  opercida  most 
likely  of  Goniatiies,  so  abundant  in  these  Biidesheim  beds,  but  after 
visiting  the  locality  and  making  a  more  careful  examination  of  the 
fossils  in  situ,  I  was  convinced  they  could  not  be  referred  to  the 
Cephalopoda,  and  that  their  true  nature  was  that  of  Phyllopod 
Crustacean  shields. 

*  See  das  Rheinische  Uebergangsgebirge.  eine  palajontologLsch-geognostische 
DarsteUung,  von  Carl  Ferdinand  Roemer,  Phil.  Doc.  Hannover,  1844, 6  plates,  4to., 
and  numerous  other  papers  on  the  fossils  of  this  region  by  the  same  author. 

^  See  paper  by  Mr.  J.  E.  Lee,  on  the  Discovery  of  Upper  Devonian  fossils  in  the 
shales  of  Saltern  Cove,  Torbay,  identical  with  those  of  Biidesheim  (Geol.  Mao.  1877, 
p.  100,  PI.  v.). 
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Had  it  been  possible  to  have  described  these  fossil  organisms  upon 
the  spot,  and  make  careful  drawings  of  them  at  the  time,  I  do  not 
doubt  but  that  I  should  have  been  enabled  to  do  them  fuller  justice 
than  I  can  now  after  an  interval  of  four  years  ;  but  other  claims  upon 
my  time  have  prevented  my  undertaking  their  description  earlier. 

The  specimens  selected  and  figured  on  Plate  IX.  (which,  with  one 
exception,  are  all  from  Biidesheim)  seem  to  resolve  themselves  into 
three  genera  and  six  species. 

Fifteen  of  the  Eifel  specimens  I  have  referred  to  one  genuB,  which 
I  propose  to  name  Cardioearis;  the  sixteenth' I  propose  to  call 
Fholadocaris  ;  the  seventeenth  specimen  was  obtained  by  Mr.  J.  K 
Lee  at  Pencerrig  in  Wales,  and  I  have  referred  it  to  the  genas 
Apiychopsis, 

(I  had  at  first  wished  to  place  the  first  fifteen  of  these  forms  in 
the  genus  Aspidocaris,  but  I  found  that  this  name  was  already 
adopted  by  the  late  lamented  Prof.  Reuss,  of  Vienna,  for  a  series  of 
Phyllopod  shields  from  the  Alpine  Trias  of  Raibl,  Austria.^  These 
specimens  agree  so  very  closely  with  Discinocaris,'^  a  genus  proposed 
by  me  for  certain  Phyllopod  shields  from  the  Moffat  Shales,  Dum- 
friesshire, that  I  am  unwilling  to  complicate  matters  by  adding  these 
Eifel  specimens  to  Reuss's  Triassic  genus,  as  a  later  examination 
may  induce  me  to  refer  Reuss's  Aspidocaris  to  the  genus  Disdnoearis, 
when  the  former  would  sink  into  a  synonym.) 

I.  Cardioearis,^  gen.  nov. 

1.   Cardioearis  Boemeri,  mihi,  sp.  nov.     PI.  IX.  Figs.  1-7. 

In  dedicating  this  species  to  my  esteemed  friend  and  fellow- 
worker,  Prof.  Dr.  Ferdinand  Roemer,  of  Breslau,  I  feel  that  I  am 
adding  to  the  value  of  the  specimens  which  will  bear  his  honoured 
name,  and  that  Mr.  Lee's  collection  will  be  the  richer  for  this 
souvenir  of  a  friendship  with  this  eminent  geologist  which  he  has 
shared  for  some  years  with  myself. 

To  this  species  I  have  referred  three  of  the  largest,  and  four  of  the 
smallest,  of  these  phyllopod  shields ;  all  of  those  having  an  ellip- 
tical outline  and  in  which  the  anterior  angles,  formed  with  the 
cervical  furrow  or  groove,  are  more  or  less  acute. 

The  best  preserved  of  these  is  depicted  in  Fig.  1,  which  measures 
35  millimetres  in  greatest  length  (and  probably  measured  4o  mm. 
before  the  loss  of  its  anterior  or  cephalic  portion),  and  20  mm.  in 
greatest  breadth.  The  dorsal  suture,  if  present,  seems  extremely 
obscure ;  the  concentric  strisB  are  pretty  numerous,  and  are  marked 
at  intervals  by  a  line  of  greater  strength  than  the  rest.  There  are 
also  numerous  delicate  radiating  strias  which  take  their  rise  just 
behind  the  base  of  the  V-shaped  cervical  furrow  and  spread  out 
fan- wise  towards  the  posterior  border,  which  is  slightly  emarginated 
behind. 

Fig.  2  is  only  a  fragment  of  a  much  larger  shield,  which  mast 

»  Sitz.  d.  K.  Akad.  d.  Wissensch.  I.  Abth.  Februar-Heft,  Jahrg.  1867. 

*  Quart.  Joum.  GeoL  Soc.  1866  (vol.  ixii.  p.  503,  pi.  xxv.  figs.  4,  6,  and  7.) 

'  From  Kopiia,  a  heart ;  and  Kopls,  a  shrimp. 
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(if  entire)  have  measured  fully  65  mm.  in  length  and  40  mm.  in 
hreadth.  We  have  only  the  anterior  portion  of  this  shield,  but  it 
shows,  that  in  such  aged  specimens,  the  fine  radiating  strias  extended 
forwards  as  well  as  towards  the  posterior  border. 

Fig.  3  supplies  exactly  the  portion  of  a  large  shield  which  is 
wanting  in  Fig.  1.  The  two  series  of  strisB  upon  this  specimen  are 
beautifully  preserved  as  impressions  on  the  shale,  although  the 
black  layer  is  absent  The  concentric  striae  bend  slightly  upwards 
on  the  posterior  dorsal  line.  This  specimen,  when  entire,  must 
have  measured  50  mm.  in  length  and  30  mm.  in  greatest  breadth. 

Figs.  4,  5,  6,  and  7  present  in  miniature  all  the  characters  of 
Fig.  1,  and  might  be  disposed  of  at  once,  as  young  examples  of 
C.  Bcemeri,  but  Fig.  5  deserves  special  notice. 

In  this  little  specimen  the  V-shaped  cephalic  portion,  so  frequently 
absent  in  the  shields  of  these  phyllopods,  is  here  preserved  in  situ. 

The  question  very  naturally  arises,  why  is  the  cephalic  portion 
nearly  always  separated  from  the  rest  of  the  carapace?  If  we 
carefully  examine  the  anatomy  of  specimens  of  the  existing  Apus, 
Lepidurus,  or  Nebalia,  we  shall  find  the  answer  very  readily.  The 
fact  is,  the  muscles  of  the  natatory  antennae,  the  maxillae,  and  maxil- 
lipeds  in  these  Phyllopod  Crustaceans,  all  have  their  attachment  to 
the  anterior  portion  of  the  cephalic  shield,  and  in  the  process  of 
decomposition,  after  death,  the  carapace  appears  usually  to  have 
separated  along  the  cephalic  suture;  the  anterior  part,  with  the 
appendages,  being  entombed  in  one  spot,  and  the  expanded  posterior 
shield-shaped  portion  floated  to  another.* 

When  occasionally  found  together,  as  in  Ceratiocaris  papilio,  Salter, 
from  the  Upper  Silurian  of  Lesmahagow,  Lanarkshire  (see  Annals 
and  Mag.  Nat.  Hist.,  March,  1860,  p.  154),  the  body  is  often  so 
twisted  about  in  relation  to  the  shield-shaped  carapace,  that  the 
anterior  end  has  more  than  once  been  described  as  the  posterior, 
and  vice  versa,  1  pointed  this  out  also  in  reference  to  Dithyrocaris 
tricornis  of  Scouler  (see  Geol.  Mag.  1873,  Vol.  X.  PI.  XVI.  p.  482). 

2.  Cardiocaris  veneris,  mihi,  sp.  no  v.     Plate  IX.  Figs.  8-12. 

Under  this  specific  designation,  I  have  grouped  together  five 
carapaces,  in  which  the  cervical  suture  is  less  acute  than  in  the 
preceding  species,  and  the  anterior  angles  of  the  carapace  are 
rounded  or  obtuse,  giving  to  these  shields  the  traditional  outline 
of  an  heraldic  heart,  or  the  form  which  is  supposed  to  represent 
that  organ  on  valentines.  It  is  very  difficult  in  this,  as  in  the 
preceding  species,  to  determine  the  presence  of  a  dorsal  suture 
dividing  the  shield  into  two  equal  halves.  The  surface  of  the 
carapace,  when  closely  examined,  reveals  the  same  concentric  stria3, 
but  not  the  fine  radiating  lines  seen  on  the  preceding  species. 
The  relative  proportions  of  breadth  to  length  diflfer  greatly  in  C, 

^  The  carapace,  which  forms  the  suhject  of  Fig.  10,  on  our  Plate,  has  the  im- 
pression of  a  Spirorbis  having  been  attached  to  its  surface  after  death.  Others  also 
appear  to  bear  scars  of  organisms  having  fixed  upon  them;  probably  "spat"  of 
Ostrece  or  other  small  mollusks. 
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veneris  when   compared  with    C.  Rcemert.     For  whilst  the  latter 

is   nearly  twice  as   long  as  it   is  wide,   the  former  is  nearly  as 

wide  as  it   is  long.     In    C  Rcemeri  the  greatest   breadth  of  the 

shield  is  measured  across  the  angle  at  the  base  of  the  V-shaped 

cervical   suture;    in   C,    veneris   the  greatest   breadth  is  in  front, 

measured  across  the  summit  of  the  V-shaped  suture. 

Dimensions  of  three  specimens  of  C.  veneris : — 

Fig.    8.    Breadth  in  front  23  mm.,  length  30  mm. 
Fig.  11.  „        „         10    „         „      16    „ 

Fig.  10.  „        „         16    „         „      20    „ 

3.   Cardioearis  lata,  mihi,  sp.  nov.    Plate  IX.  Fig.  13. 

I  have  ventured  to  separate  this  from  the  preceding  spedes  on 
account  of  its  broader  and  rounder  contour,  and  the  more  obtuse 
an^le  of  the  cervical  suture.  There  is  no  trace  whatever  of  any 
dorsal  suture,  the  concentric  strisd  of  the  carapace  pass  completely 
round  the  shield  in  unbroken  lines.  Breadth  of  carapace  18  mm., 
length  from  anterior  border  to  back  of  shield  20  mm.,  length  from 
angle  of  cervical  suture  to  back  of  shield  14  mm.  This  form  ap- 
proaches most  nearly  to  Discinocaris  from  the  Moffat  Shales,  bat 
the  anterior  angles  of  the  cervical  suture  are  more  rounded  in  the 
Eifel  specimen  and  the  striation  is  coarser. 

4.  Cardioearis  bipartita,  mihi,  sp.  nov.     Plate  IX.  Figs.  14  and  15. 

The  two  forms  I  have  here  distinguished  are  very  near  to 
C  Bcemerif  but  they  have  a  tolerably  well-marked  dorsal  suture 
ivhich  that  species  lacks ;  they  are  also  widest  in  front.  The  depth 
of  the  V-shaped  fold  of  the  cervical  suture  is  rather  more  Uian  one- 
third  the  length  of  the  shield,  whereas  in  G.  Boemeri  it  occupies 
considerably  less  than  one-third. 

The  concentric  8tria3  are  distinctly  marked,  but  no  radiating  striae 
are  visible. 

Fiflr.  14.     Breadth     15  mm.     Jjcngth    25  mm. 

Fig.  15.  „  17    „  „  30     „ 

II.  PholadocariSf  gen.  nov. 

o.  Pholadocaris  Leeii,  mihi,  sp.  nov.     Plate  IX.  Fig.  16. 

This  singular  shield  differs  greatly  in  form  from  every  Phyllopod 
hitherto  noticed.*  In  its  narrowness  it  resembles  Caryocaris  Wrightii 
of  Salter  from  the  Skiddaw  Slates  (see  Quart.  Journ.  Geol.  Soc. 
vol.  xix.  1862,  p.  139,  fig.  15)  ;  and  but  for  the  fact  that  the  two 
sides  of  the  shield  are  united  behind  by  a  wedge-shaped  dorsal  portion, 

*  "Whilst  these  notes  were  passing  through  the  press  my  attention  was  obli^in^ly 
directtnl  by  my  colIea«^u(!,  Mr.  U.  Etheridn^o.  jun.,  to  a  singular  form  of  Phyllopod- 
shicld  recently  described  by  him,  in  Part  it.  of  a  "Monograph  of  the  Silurian 
IVsils  of  the  Girvan  District,"  1880,  pp.  207-210.  pi.  riv.  tigs.  17-20,  which  is 
singularly  like  our  Eifel  fo.ssil.  It  is  named  by  him  Finnoearis,  It  differs  chiefly  in 
it*  much  greater  breadth  in  front,  and  in  being  shorter  in  proportion,  and  the  dorsal 
line  is  straighter  than  in  Pholadocaris.  Another  form  named  oo/enocaru  itrigata  by 
Meek  (see  Geology  of  Ohio,  Columbus,  1875,  Palieontology,  Part  II.,  p.  321,  pi.  18, 
tigs.  \  a  b  e)\s  equally  narrow,  but  the  stria)  are  differently  arranged,  and  render  this 
form  quite  distinct.  Soleftocaria  was  already  preoccupied  by  Mr.  J.  Young  for  a  Scottish 
form  from  Gir\an  in  1868  (see  op.  cit.  p.  207). 
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they  might  readily  be  supposed  to  be  the  two  outspread  valves  of 
some  Fholas  or  LedaASke  moUuscan  shell  The  carapace,  which 
is  25  mnL  in  length  by  15  mm.  in  breadth,  has  an  almost  wedge- 
shaped  contour,  being  widest  anteriorly.  The  front  of  the  shield 
measures  10  mm.  across  its  cephalic  portion,  represented  by  the 
V-shaped  cervical  sinus,  which  is  also  10  mm.  deep.  Behind  the 
cervical  notch,  is  a  small  elliptical  area  5  mm.  long  and  4  mm.  broad 
(reminding  one  of  the  lunule  of  a  bivalve  shell),  having  a  slightly- 
raised  border;  from  this  area  two  strongly-marked  furrows,  com- 
mencing 1  mm.  apart,  pass  backwards,  diverging  gradually  to  4  mm. 
distance  from  each  other,  where  they  join  the  posterior  border.  The 
space  between  these  two  furrows  is  marked  by  about  10  delicate 
raised  striae,  which  diverge  slightly  like  the  farrows  themselves 
towards  the  posterior  margin.  The  lateral  portions  of  the  carapace 
are  ornamented  with  very  minute  radiating  and  concentric  striss. 

This  is  the  only  specimen  I  have  seen  from  this  locality,  and  I 
dedicate  it  with  great  pleasure  to  my  friend  Mr.  John  Edward  Lee, 
F.S.A.,  F.G.S.,  with  whom  I  passed  so  many  agreeable  days  in  the 
Eifel-district. 

III.  Genus  Aptychopsia,  H.  Woodw.  1872.      Geol.  Mao.  Vol.  IX. 

p.  564. 

6.  Aptychopsis  Salteri,  mihi,  sp.  nov.     Plate  IX.  Fig.  17. 

In  my  report  to  the  British  Association,  Brighton,  1872,  and  in 
the  Gkol.  Mag.  Vol.  IX.  1872,  p.  564,  I  gave  a  notice  of  several 
new  Phyllopod  shields  from  the  Middle  Silurian  of  Hawick,  Rox- 
burghshire, three  of  which  I  referred  to  a  new  genus  Aptychopsis, 
and  named  severally  A,  glabra,  A.  Lapioorthi,  and  A,  Wilsoni,  The 
last  of  these  is  the  form  which,  in  point  of  size,  agrees  most  nearly 
with  the  fossil  figured  in  our  Plate,  Fig.  17,  which  was  obtained  by 
Mr.  John  E.  Lee  from  the  Upper  Siluricm  (Wenlock  Shale)  of 
Pencarreg,^  Caermarthenshire. 

This  specimen,  which  exhibits  one  side  of  a  Phyllopod  shield, 
was  marked  by  the  late  Mr.  J.  W.  Salter,  F.G.S.,  as  the  "  semi- 
operculum  of  a  large  Orthoceras.'*  Although  the  operculum  of 
Orthoceras  remains  unknown,  we  are  now  well  acquainted  with 
these  Phyllopod  shields  from  many  localities,  and  I  have  every 
confidence  in  referring  this  fossil  to  the  genus  Aptychopsis. 

In  this  specimen  the  carapace  is  35  ram.  long,  by  25  mm.  wide ; 
the  V-shaped  cephalic  portion  is  10  mm.  deep,  and  the  posterior 
dorsal  line  is  25  mm.  long.  The  surface  of  the  carapace  is  finely 
striated  concentrically  and  the  lateral  border  of  each  valve  seems 
to  have  the  edge  bent  downwards  and  to  have  been  slightly  con- 
cave. This  is  a  more  oblong  form  than  A.  Wilsoni  and  the  angles 
of  the  V-shaped  cervical  suture  are  sharp  in  the  Welsh  specimen, 
but  rounded  off  in  the  Scottish  example,  which  is  also  a  more 
circular  form. 

I  venture  therefore  to  separate  this  specimen  from  Pencarreg 
specifically  from  the  Roxburgh  examples,  and  have  designated  it 
^  Mr.  Lee  spells  this  place  *'  Peukerrig  '*  on  the  label. 
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A,  SalUri  in  tnemory  of  my  late  fellow-worker  in  the  Paleozoic 
Crastacea,  Mr.  J.  W.  Salter,  F.G.S.,  for  so  many  years  Palaeontolo- 
gist to  the  Creological  Survey  of  Great  Britain. 

Formation, — Upper  Silarian  (Wenloek  Shale). 

Locality. — Pencarreg  (or  "  Penkerrig"),  Caemarthenshire. 

EXPLANATION  OF  PLATE  IX. 

Figs.  1—7.    Cardioearia  Rameri^  H.  Woodw^  sp.  nor. 

„     8—12. renertM,  H.  Woodw.,  sp.  noT. 

„  13.         lata,  H.  Woodw.,  sp.  noT. 

„  14  &16. bipartite,  H.  "Woodw.„  sp.  nor. 

.,  16.  PhoUuiocariM  Leeii^  H.  Woodw.,  sp.  dot. 

,.     1 — 16  from  the  Upper  DeTonian,  Budesheim,  Eifel,  Rhenisli  Pmasia, 
,,17.  AptychopAia  SalUri^  H.  Woodw .  sp.  nor.     JH^Pcr  SQuiian  (Wenloek 
Limestone),  Pencarreg,  Caerm^rtlienshire,  S.  Wales. 

All  the  specimens  are  fig:nred  of  the  natural  size,  and  are  from  the  Moflenm  of 
Mr.  John  Edward  Lee,  F.S.A.,  F.G.S.,  Villa  Syracosa,  Torquay. 


11. — FiKST  Imprkssioks  of  Assynt. 

By  WiLFMD  H.  HrDLESTON,  M.A.,  F.G.S. ; 
President  of  the  Geologists*  Association. 

IT  mnst  be  admitted  that  first  impressions  are  to  a  certain  extent 
instinctive,  and  need  not,  therefore,  be  taken  for  more  than  they 
are  worth.  To  do  any  really  valuable  work  in  such  a  troubled  dis- 
trict as  Assynt  would  require  a  considerable  length  of  time.  Still, 
after  having  been  nearly  a  fortnight  in  the  plaoe — a  fortnight  in 
which  the  rainy  days  and  the  dry  ones  were  about  equally  balanced 
— it  is  almost  impossible  to  avoid  forming  some  idea  as  to  the 
respective  merits  of  the  interpretations  which  have  been  put  forth. 
And  this  one  is  all  the  more  apt  to  do  in  order  to  be  able  to  institute 
compariBons  with  other  districts  of  the  North- West  ah*eady  visited 
in  ])rovious  years. 

Furnished  with  Professor  Heddle's  excellent  geological  map  of 
Sutherland  (Mineralogical  Magazine,  No.  21),  and  furthermore 
enjoying  the  society  and  experiences  of  the  Professor  himself,  I 
arrived,  on  the  last  day  of  July,  in  the  wild  and  remote  corrie  which 
flanks  the  north  side  of  Ben  More,  having  walked  that  morning  from 
tlio  head  of  Loch  Shin  over  peaty  moors  which  for  the  most  part 
hide  all  the  rocks. 

After  wading  across  the  upper  Cassley  between  Fionn  Loch  More 
and  Fionn  Loch  Beg,  and  after  toiling  through  a  maze  of  glacial 
debris  and  peat  hags,  we  struck  the  solid  rock  at  perhaps  1400  feet 
above  the  level  of  the  sea.  From  this  point  it  is  easy  to  perceive 
that  the  east  slope  of  Ben  More  is  covered  with  quartzito,  but  I  was 
surprised  to  find  that  the  bulk  of  the  rocks  in  the  corrie,  which  lies 
benoath  the  northern  slopes  of  Ben  More  and  Ooniveall,  consists  of 
a  ])oouliar  gneissic  rock  which  Dr.  Heddle  terms  the  "  Logan  "  rock. 
Some  portions  of  this  "  Logan "  rock  are  very  puzzling,  more 
esj)ecially  in  its  relations  to  a  dark  green  or  dull  black  aphanitic 
rock  which  Dr.  Heddle  at  one  time  was  disposed  to  regard  as  igneous. 
Continuing  to  ascend  towards  the  Bealloch  between  Coniveall  and 
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the  peaks  of  Na  Touadhain,  although  we  saw  quartzite  occnpying  the 
heights  on  both  sides,  still  for  a  long  distance  there  was  nothing 
but  **  Logan  "  rock  to  walk  upon  exoept  in  one  spot,  where  a  large 
mass  of  quartzite  was  apparently  faulted  on  to  it.  At  length  having 
arrived  at  an  elevation  of  about  2500  feet,  this  everlasting  *^  Logan  " 
rock  gave  place  to  a  fragmental  series  of  quartzo-felspathic  grits,  with 
some  beds  of  coarse  conglomerate,  having  large  and  well-rounded 
pebbles  of  vein  quartz.  This  series,  I  was  told,  is  regarded  as  con- 
stituting the  basement  beds  of  the  Upper  Quartzite,  which  forms  the 
summits  of  the  mountains  hereabouts,  including,  besides  those  already 
named,  Ben  Uarran,  Ben  Uie,  etc., — a  white  and  dazzling  wilderness 
of  quartzite  blocks.  From  this  elevation  of  about  2600  feet  we 
descended  rapidly  to  Inchnadamph,  some  230  feet  above  sea-level. 

Local  Topography,  etc,  —  Inchnadamph,  at  the  head  of  Loch 
Assynt,  is  a  centre  from  which  several  of  the  most  critical  sections 
may  be  visited.  It  lies  in  what  I  may  term  a  longitudinal  hollow, 
running  north  and  south,  between  two  mountain  ranges.  The 
v}estem  range  consists  of  a  chain  of  disconnected  heights,  of  which 
Quinaig,  Canisp,  Suilven,  and  Coul  More  are  the  culminating  points, 
each  separated  by  a  deep  lake-filled  basin,  lliis  chain  of  heights, 
though  nowhere  reaching  an  altitude  of  3000  feet,  is  a  terrible  con- 
denser of  moisture,  and  the  mysterious  gloom  of  its  almost  ever- 
clouded  summits  serves  to  exaggerate  the  altitude  of  these  weird 
precipices.  The  eastern  range  is  far  higher,  and,  instead  of  being 
seamed  by  transverse  valleys  cut  down  to  within  two  or  three 
hundred  feet  of  the  sea-level,  presents  a  tolerably  continuous  series 
of  ridges,  only  separated  by  lofty  passes  (Beallochs).  This 
eastern  range  may  roughly  be  described  as  extending  from  the 
sea  loch  of  Glen  Coul  on  the  north  to  the  inland  Loch  Borrolan  on 
the  south.  The  familiar  names  of  Glasven,  Ben  Uie,  Ben  Uarran, 
Coniveall,  Ben  More,  and  Breabag  represent  portions  of  the  mass, 
which  may  be  regarded  as  the  largest  mountain  group  in  Sutherland. 
Ben  More  and  Coniveall,  which  really  are  peaks  of  the  same  ridge, 
attain  elevations  of  3273  feet  and  3234  feet  respectively. 

It  is  this  eastern  range,  so  massive,  so  rugged,  and  so  lofty,  which 
causes  the  geology  of  Upper  Assynt  to  be  thus  difficult  of  interpre- 
tation beyond,  one  might  almost  say,  any  district  in  the  North-West. 
The  complexity  of  folding  to  which  this  mountain  group  has  been 
subjected  is  surprising,  and  nothing  but  time  and  patience  can 
adequately  unravel  its  mystenes. 

General  Structure  of  the  Western  Range  and  Longitudinal  Hollow. — 
The  geological  structure  of  the  western  range  is  on  the  whole  simple. 
From  the  **  dark  tumbled  sea "  of  Hebridian  gneiss  there  rise  the 
deeply  intersected  masses  of  Torridon  Sandstone,  succeeded  uncon- 
formably,  according  to  most  observers,  by  a  massive  Quartzite 
dipping  to  the  eastward  in  regular  sheets,  which  for  large  distances 
are  almost  coincident  with  the  easterly  slope  of  the  mountains  them- 
selves. This  may  be  regarded  as  the  normal  state  of  things,  and 
may  be  seen  by  any  one  driving  along  the  road  from  Loch  Glen  Coul, 
opposite  Quinaig,  by  way  of  the  head  of  Loch  Assynt  and  Stronch- 
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rnbie,  to  Craig-a-Knockaiii  opposite  Coul  More.  It  is  tme  that  near 
Ledbeg,  along  this  line  of  road,  there  is  some  deviation  from  the 
normal  state  of  affairs,  but  the  fact  of  there  being  "  Logan  "  rock 
exposes]  in  the  vicinity  is  qnite  enough  to  account  for  the  deTiation, 
as,  wherever  there  is  *'  Logan  "  rock,  trouble  is  snre  to  ensue. 

So  far,  then,  the  geological  sequence  is  tolerably  dear.  Thit 
Quartzite  has  intercalated  bands  of  igneous  rock,  and  dips  regnlarlj 
towards  the  longitudinal  hollow  which  separates  the  western  from 
the  eastern  range.  Tliere  can  be  little  doubt  that  the  hybrid  group 
of  rocks  known  as  the  **  Fucoid  Beds  '*  succeed  in  rq^lar  order. 
These  beds  are  mixtures — chiefly  fine-grained  grits  often  with  a 
considerable  proportion  of  carbonates,  usually  blue-hearted,  and 
weathering  yellow  :  hence  the  tenn  "  yellow  beds  "  is  applicable  on 
exposed  outcrops.  As  there  is  so  little  alteration,  these  are  just  the 
beds  for  fossils,  but  only  "Fucoids  "  and  "Serpulites"*  have  as  yet 
been  found.  The  former  are  very  abundant.  Beds  of  tolerably 
pure  quartzite,  and  even  of  dolomite,  occur  sometimes  in  this  groop. 
Such  qnartzites,  however,  have  nothing  to  do  with  the  supposed 
Upper  Quartzite,  whose  position,  if  it  exists  at  all,  must  be  above  the 
maiii  mass  of  Dolomite,  which  succeeds  the  '*  intermediate"  series. 

These  dolomites  generally  occupy  the  escarpments  which  imme- 
diately flank  the  east  side  of  the  longitudinal  hollow,  and  may  be 
well  studied,  among  other  places,  in  the  Stronchmbie  cliff,  which 
rises  about  450  feet  above  the  road.  The  lowest  beds  there  seen 
are  dusky  dolomitic  rocks,  granular  or  compact,  and  very  foetid. 
Tliey  contain  noticeable  traces  of  carbonaceous  matter,  and  are 
tolerably  free  from  insoluble  rock  dthris,  at  least  the  sediments  are 
very  fine.  At  this  place  a  kind  of  diorite  is  seen  to  be  interbedded 
with  these  dusky  rocks,  which  are  succeeded  by  grey  dolomitic 
limestones,  Ijocoming  paler  in  colour  towanls  the  top.  Up  to  this 
]>oint  everything  seems  clear  and  simide  ;  yet  a  thorough  examina- 
tion of  this  Quartzite-doloniite  group,  with  accurate  measurements 
and  careful  lithological  notes,  especially  with  reference  to  the  nmn- 
ber  and  nature  of  the  bedded  "  igneous  "  rocks,  would  be  very  useful. 
It  may  not  l>e  practicable  to  get  the  whole  group  in  one  section,  but 
suitable  places  might  be  selected  for  examination  of  portions,  avoid- 
ing as  much  as  possible  places  where  a  hollow  covered  with  vegetation 
intervenes,  and  above  all,  in  putting  the  pieces  together,  uothiug 
should  be  taken  for  granted. 

Very  shortly  after  reaching  the  edge  of  the  plateau,  the  dolomitic 
limestones  are  seen  dipping  at  a  very  high  angle,  and  further  east- 
ward they  dip  in  a  very  different,  though  not  exactly  opposite 
direction.  A  certain  amount  of  these  very  irregular  dips  may  bo 
due  to  percolation  of  water  and  unequal  solution,  yet  much  also  is 
due  to  the  general  stratigraphical  confusion  which  here  begins  to 
prevail — a  prelude  to  the  still  more  terrible  confusion  of  the  eastern 
range  whose  roots  we  are  now  approaching. 

*  From  an  examination  of  two  hand-spocimons  of  a  white  prit,  or  quartzite,  full  of 
the  Bo-called  "  Serpulite*  ?  MaecnUorhii,"'  Salter  (see  Quart.  Joum.  Geol.  Soc.  18oS, 
p.  381,  pi.  13,  iipr.  31),  I  venture  to  think  that  their  appearance  is  highly  suggcs- 
"*~  ttf  crinoidol  fragmenti}.— Edit.  Geol.  Mag. 
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The  Eastern  Bange, — This  is  the  real  field  of  battle,  out  of  which 
thi-ee  issaes  at  least  have  to  be  decided.  1.  Is  there  an  Upper 
Quartzite?  2.  What  is  the  nature  and  geological  position  of  the 
"Logan"  rock?  3.  Is  the  Upper  Gneiss  really  a  newer  formation 
properly  overlying  the  Quartzite-dolomite  ? 

1.  la  there  an  Upper  Quartzite  f — There  are  quartzy  beds  in  the 
**  intermediate  series/'  and  possibly,  in  some  places,  in  the  Dolomite 
itself ;  but  the  real  question  is,  whether  the  important  rock  masses 
referred  to  the  Upper  Quartzite  are  not  repetitions  of  the  series  below 
the  Fucoid  Beds.  One  thing  is  pretty  clear,  that,  in  this  district  at 
least,  where  there  is  no  "  Logan  "  rock,  there  is  no  Upper  Quartzite. 

Tlius  at  Craig-a-Knockan  the  sequence  seems  clear  enough.  The 
Quartzite  dips  steadily  to  the  eastward  from  Coul  More,  and  is 
regularly  overlaid  by  the  "intermediate  series"  with  its  Fucoids, 
"  yellow  beds,"  quartzy  beds  and  impure  dolomites,  and  the  whole 
is  surmounted  in  the  cliff-section  by  the  Dolomite  just  as  at  Strouch- 
rubie.  The  great  difference  consists  in  the  fact  that  the  Upper  Gneiss 
comes  on  at  once,  so  that  there  is  no  room  for  an  Upper  Quartzite. 
Of  course  it  is  open  to  the  believers  in  an  Upper  Quartzite  to  say 
that  it  was  never  developed,  or  has  been  denuded  off  previous  to  the 
deposition  of  the  overlying  beds  at  this  particular  spot. 

But  let  us  now  revert  to  more  disturbed  ground,  and,  in  fact,  to 
Murchison's  type  section  at  the  head  of  Loch  Assynt,  known  as  the 
Cnoc-an-drein  section.^  This  commences  in  the  bottom  of  the  longitu- 
dinal hollow  between  the  two  ranges,  and  ascends  in  an  east-north- 
east direction.  It  is  to  the  lower  portion  only  that  I  would  direct 
attention.  Matters  are  not  so  clear  as  in  the  Stronchrubie  and 
Craig-a-Knockan  escai'pments,  where,  as  we  have  seen,  no  Upper 
Quartzite  presents  itself.  Here,  at  a  short  distance  from  the  Post 
Office  of  Inchnadampb,  the  dusky  dolomites  associated  with  a  pecu- 
liar kind  of  diorite  succeed  the  intermediate  series,  and  these  again 
are  succeeded  by  the  pale  grey  dolomites  dipping  moderately  E.N.E. 
The  ground  is  broken,  but  gradually  rises,  the  dips  being  inwards. 
A  bed  of  igneous  rock  is  again  seen  to  intervene,  and  then  a  sudden 
rise  in  the  ground  is  observed  to  be  composed  of  compact  quartzite, 
witli  approximately  the  same  dip  as  most  of  the  underlying  beds. 

The  whole  thing  seemed  all  right,  and  I  could  not  deny  that 
appearances  were  in  favour  of  there  being  an  Upper  Quartzite  at 
this  place,  though  my  first  question  was,  what  has  become  of  the 
peculiar  grit  and  conglomerate  which  underlies  the  presumed  Upper 
Quartzite  of  Ben  More  ?  We  continued  to  pass  over  successive  beds 
of  this  Quartzite  all  dipping  into  the  hill.  In  it  there  are  three  beds 
of  igneous  rock,  each  of  wliich  may  be  recognized  by  certain  pecu- 
liarities, though  on  the  whole  the  type  is  not  dissimilar  from  what 
occurs  in  the  dolomite.'*  Just  above  the  third  igneous  bed  the 
Quartzite  suddenly  becomes  vertical,  and  ultimately  assumes  a  dip 
opposite  to  the  one  below,  so  that,  as  one  continues  to  ascend,  the 

'  Q  J.G.S.  vol.  xvi.  p.  217,  and  vol.  xxxvii.  p.  242. 

*  Subsefjuent  exaraiuation  would  lead  one  to  suppose  that  porphyritic  structiure  is 
more  trequeut  in  the  interbedded  igneous  rocks  of  the  Quartzite. 
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same  beds  are  again  passed  over.  This  is  admirably  shown  by  fha 
different  bedded  igneous  rocks,  which  now  reappear  in  reversed 
order.  With  such  evidences  of  rolling  over  and  instability  of  dip» 
one  is  naturally  led  to  question  the  value  of  the  apparent  soper- 
position  of  the  Quartzite  to  the  Dolomite,  which  is  seen  below,  though 
it  would  be  going  too  far  to  say  that  the  evidence  of  this  section  in 
favour  of  the  existence  of  an  Upper  Quartzite  is  altogether  to  be 
discarded  in  favour  of  the  notion  of  a  reversed  fault  at  the  junction, 
Tliis  is  the  only  place  seen  by  me  where  there  could  be  any  grounds 
for  requiring  the  existence  of  an  Upper  Quartzite. 

In  the  great  mountains  of  the  eastern  range  there  really  seemt 
very  little  evidence  of  the  true  stratigraphical  relations  of  the  vast 
beds  of  Quartzite  to  the  fragments  of  Dolomite,  which  are  pitched 
about  in  all  directions  on  some  of  the  lower  grounds.  As  far  as  one 
can  judge  from  such  a  chopped-up  district,  it  would  seem  that  there 
is  a  very  considerable  convergence  of  dips  towards  Looh  Maolach 
Corrie,  and  thus  that  the  Quartzite,  on  the  ea»t  of  the  large  area  of 
dolomitic  limestone  thereabouts,  underlies  the  limestone  just  as  it  does 
on  the  west  It  follows,  therefore,  that  the  Quartzite  of  Breabag, 
etc.,  is  a  mere  repetition,  possibly  with  some  thickening,  of  the 
regularly  bedded  Quartzite  of  the  western  range  usually  known  as 
the  Lower  Quartzite. 

But,  quitting  individual  sections,  there  remains  the  general  im« 
pression  derived  from  an  in8})ectiun  of  geological  maps,  and  based 
upon  the  presumed  continuance  of  an  easterly  dip  in  all  the  beds, 
that  those  quartzites  occurring  to  the  east  of  the  dolomite  escarpment 
must  bo  Upper  Quartzite,  unless  the  contrary  can  be  shown.  It  is 
just  possil^le,  however,  that  the  explanation  wliich  fits  so  well  for 
the  Quartzite  of  Breabag  may,  with  modification,  apply  along  the 
whole  line,  lliis  supposes  a  roll  up  of  the  Lower  or  western 
Quartzite  in  a  series  of  con  volutions  to  the  east  of  the  Dolomite 
which  has  been  assumed  to  pass  beneath  it.  Much  stress  has 
])een  laid  upon  the  presumed  lithological  differences  between  the 
Lower  and  the  alleged  Upper  Quartzite.  As  far  as  I  could  see, 
these  differences  amount  to  very  little,  their  leading  features,  even 
to  the  ]>uri)lish  colour  of  some  of  the  l)ed8,  appearing  very  similar. 

2.  What  is  the  nature  and  geological  position  of  the  "  Logan  "  rock  f 
— This  mysterious  rock  has  had  so  many  aliases  that  its  individuality, 
as  identified  by  various  writers,  runs  some  risk  of  being  lost.  Pn)f. 
Heddle  has  given  an  excellent  summary  of  the  different  views 
respecting  it,^  and  in  a  paper  read  l)efore  the  lioyal  Society  of 
Edinburgh,  on  the  17th  July  laist,  he  assigns  the  following  sequence 
to  the  rocks  of  the  North-west  Highlands  : — Torridon  Conglomerates, 
Lower  Quartzite,  Dolomite  Series,  "  Logan  "  rock.  Upper  Quartzite, 
Upper  Gneiss. 

It  may  well  happen  that  in  the  long  range  from  Whiten  Head 
to  the  Sound  of  Sleat  more  than  one  class  of  rock  has  been 
enumerated  under  this  head.  At  present  we  are  more  especially 
concerned    with  the  Assynt   district,  though   the    term  "Logan" 

^  Minerulogical  Magazine,  No.  22,  p.  43  et  uq. 
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requires  an  explanation  neoessitating  reference  to  other  localities. 
It  is  in  fact  the  "igneous"  rock  of  Nicol  and  Murohison,  which 
plays  such  an  important  part  in  confusing  the  geological  structure 
of  the  country  and  the  sequence  of  the  beds;  so  that  it  may  be 
looked  upon  as  one  of  the  prime  authors  of  the  controversy  on  the 
North- West  succession,  and  a  most  difficult  nut  to  crack.  This 
kind  of  rock  is  well  developed  in  Glen  Laggan  or  Logan  near 
Loch  Maree,  where  it  is  very  accessible  in  the  bed  of  the  stream. 
A  few  years  ago  I  ventured  to  point  out  ^  some  of  the  peculiarities 
of  this  rock,  and  referred  especially  to  the  strings  of  epidosite  which 
pervade  it  From  its  association  with  other  bedded  masses,  and 
from  its  general  appearance,  I  came  to  the  conclusion  that  it  was 
"an  old  gneiss  partly  invaded  by  extravasated  matter."  In  the 
following  year  Professor  Bonney  visited  the  same  district,  and, 
in  describing  this  very  rock,  went  a  step  farther  and  classed  it 
with  the  regular  Hebridian  gneiss. 

This  "Logan"  rock  occupies  a  large  surface  in  the  Assynt 
country,  and  more  especially  in  the  eastern  range,  of  which  Ben 
More  is  the  highest  peak.  A  glance  at  Dr.  Heddle's  map  of 
Sutherland  will  at  once  show  its  importance  in  this  area  —  an 
importance  which  could  hardly  be  gathered  from  an  inspection 
of  Professor  Geikie*s  general  map  of  Scotland.  But  large  as  this 
area  is,  it  might  be  extended  in  the  great  corrie  on  the  north 
side  of  Ben  More  previously  mentioned.  Dr.  Heddle  controverts 
the  views  that  it  can  either  be  the  older  gneiss,  or  an  eruptive 
igneous  rock :  he  regards  it  as  conformably  interbedded,  its  horizon 
being  chiefly  between  the  Dolomite  and  the  Upper  Quartzite. 

I  confess  that,  with  every  wish  to  accept  my  kind  friend  and 
cicerone's  reading,  I  was  unable  to  endorse  this  position,  and  would 
much  rather  fall  back  upon  a  modification  of  Nicol's  interpretation 
of  the  district,  as  exhibited  more  especially  in  his  section  of  Glasven.* 
This,  if  we  omit  an  inch  from  the  east  end,  is  not  an  unfaithful  re- 
presentation of  the  appearances  both  about  Loch  Glen  Coul  and 
Glasven,  when  certain  modifications  are  made.  The  "  syenite  "  of 
Nicol,  in  this  section,  represents  the  position  of  the  **  Logan  "  rock, 
and  he  is  probably  not  so  far  wrong  in  representing  the  Quartzite 
(which  should  however  have  a  capping  of  **  yellow  beds  "  if  not  of 
regular  Dolomite)  as  merely  abutting  on  the  rounded  knolls  which 
rise  up  behind.  The  true  continuation  of  the  broken-off  ends  must 
then  be  sought  in  the  so-called  "Upper"  Quartzite  which  prevails 
at  greater  heights  to  the  eastward. 

It  would  be  far  too  long  a  story  to  go  into  details  on  this  impor- 
tant point,  viz.  the  junctions  of  the  Quartzite-dolomite  with  the 
apparently  overlying  "Logan"  rock.  Dr.  Heddle  has  discovered  a 
remarkable  section  in  the  most  precipitous  cliff  on  the  south  side  of 
Loch  Glen  Coul,  about  a  mile  or  so  from  the  head  of  the  Loch,  to 
which  section  he  conducted  Dr.  Callaway  and  myself.  Here  the 
dolomitic  series,  considerably  modified  perhaps   in  its  development, 

'  Gneips  Rocks  of  the  Xorth-West  Highlands,  Proc.  Gcol.  Assoc,  vol.  vi.  p.  75. 
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iR  seen  to  pass  under  the  "  Logan  *'  rock,  the  angle  of  dip  b^ng  aboni 
28^.  It  is  true  that  the  beds  in  immediate  contact  are  not  veiy 
typical  representatives  of  **  Logan "  rock,  but  the  great  gneissio 
mosses  very  soon  come  on  in  force.  Further  eastwards  the  line  of 
the  dolomitio  series  may  be  traced  in  almost  vertical  masses  acrosi 
the  head  of  the  Loch.  Geologists  can  hardly  draw  any  absolate 
conclusions  from  this  place  alone  ;  but  whilst  some  see  in  the  ahove 
indications  a  conformable  upward  sequence,  others  will  suspect  the 
presence  of  an  inversion.  In  its  general  effects  this  latter  would 
produce  almost  the  same  results  as  if  the  Quart zite-dolomite  merely 
abutted  against  the  **  Logan  "  rock  in  the  way  supposed  by  NiooL 

What  is  the  **  Logan  "  rock  petrologically  ?  If  we  are  to  take 
this  very  district  of  Glen  Coul,  we  find  plenty  of  red  orthoolase,  of 
quartz  and  felspar,  and  of  hornblende,  sometimes  in  foliations,  some- 
times massive.  Other  varieties  also  occur,  bat  one  of  the  most  diffi- 
cult tasks  is  to  make  out  any  definite  system  of  divisional  planes, 
which  might  be  regarded  as  showing  the  bedding,  so  as  to  determine 
the  dip  and  strike.  I  hold  in  my  hand  at  the  present  moment  a 
thoroughly  typical  specimen  of  '*  Logan"  rock  obtained  from  the 
somewhat  isolated  exposure  to  the  west  of  Ledb^.  It  is  striped 
something  like  a  tiger,  with  bands  of  a  hackly  pinkish  felspar, 
partially  relieved  by  dull  white  quartz,  alteniating  with  thick  or 
thin  bands  of  a  dark-green  matted  hornblende.  The  cracks  and 
backings  are  lined  with  abundance  of  pale  green  epidosite,  which  is 
so  characteristic  of  the  rock  in  the  Logan  valley.  Altogether  this  is 
a  fair  si)eoimen,  though  there  are  others  far  richer  in  qnartz.  I 
have  usually  been  disposed  to  regard  the  abundance  of  epidosite  as 
one  of  the  features  of  the  **  Logan"  rock  which  especially  distinguish 
it  from  the  Hebridian  Gneiss,  but  Dr.  Heddle  states'  that  this  peculiar 
muhinge  occurs  in  greater  quantity  and  perhaps  in  a  purer  state  in 
the  west  of  Koss-shiro  than  in  any  locality  known  to  him.  This  ia 
in  the  Hebridian  Gneiss  near  Poole  we.  Hence  this  presumed  dis- 
tinction vanishes. 

Although,  therefore,  there  are  certain  differences  in  the  aspect  of 
hand  8])ccimens,  and  still  more  perhaps  in  the  general  character  and 
behaviour  of  large  masses,  yet  the  *'  Logan  "  rock  appears  to  me  to 
possess  more  resemblance  to  the  Hebridian  Gneiss  than  to  any  other 
formation  in  the  district.  There  must  be  differences,  however ;  other- 
wise so  acute  an  observer  as  Nicol  would  hardly  have  continued  to 
call  this  rock  "  granulite,"  "  syenite," '*  diorite,"  according  to  the 
district  he  was  describing.  In  Assynt  his  "  Logan  "  rock  is  mostly 
**  syenite,"  and  he  appeal's  to  have  regarded  it  as  intrusive.  It  is 
probably  owing  to  the  circumstances  connected  with  its  appearance 
in  the  position  now  occupied  by  it  in  the  Assynt  mountains,  and 
Lirgely  also  to  partial  injection  by  local  extravasations  and  to  crush- 
ing during  folding,  that  the  main  points,  in  which  the  "  Logan " 
rock  differs  from  ordinary  Hebridian  Gneiss,  arise.  And  yet  I 
liovsitate  whilst  writing  this,  bearing  in  mind  that  Dr.  Heddle,  who 
knows  both  rocks  so  well,  does  not  perceive  the  relation,  which 
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always  etrnck  me  as  subsisting  between  tbe  two,  tbougb  I  am  far 
from  saying  that  they  are  absolutely  identical. 

What  then  is  the  function  of  this  "  Logan  "  rock  throughout  the 
eastern  range  ofAssynt  from  the  precipitous  shores  of  Loch  Glen 
Coul  to  the  termination  of  the  range  near  Loch  Borrolan  ?  Is  it  not 
in  reality  the  framework  or  core  round  which  the  newer  formations 
are  folded,  sometimes  in  gi'eat  winding  sheets  of  white  quartzit^  like 
those  in  which  Breabag  is  swathed  ?  Not  that  these  were  ever 
deposited  upon  their  base,  whatever  it  may  have  been,  in  its  present 
position,  lliat  base  has  been  elevated  to  the  heights  it  now  occu- 
pies in  the  crush  which  has  produced  these  convolutions  and  dis- 
locations. The  general  result  of  these  movements  seems  to  have 
been  the  establishment  of  an  irregular  synclinal  in  the  longitudinal 
hollow  between  the  west  and  east  ranges,  so  that  the  gently  sloping 
Qaartzite  of  the  one  reappears  in  all  sorts  of  positions  round  about 
the  sides  and  summits  of  the  other,  with  fragments  of  the  Dolomite 
occurring  in  the  most  unexpected  places  and  in  every  attitude.  In 
such  a  hill  as  Breabag  the  framework  does  not  show  through  the 
clothing,  the  Quartzite  is  unbroken,  and  wonderful  has  been  tlie 
plasticity  of  the  rock  which  could  endure  without  fracture  such 
foldings  as  may  be  seen  in  the  Bealloch  between  that  mountain  and 
Coniveall.  It  is  probable  also  that  the  thickness  of  the  Quartzite 
itself  varies  materially  within  short  distances. 

The  explanation  of  a  core  of  gneiss  very  well  suits  the  appearances 
on  both  the  north  and  south  sides  of  the  ridge  connecting  Coniveall 
with  Ben  More.  It  will  be  remembered  that  on  the  north  side 
"Logan"  rock  continues  beneath  this  ridge  to  a  height  of  about 
2500  feet,  before  the  grits  and  conglomerates  succeed,  which  lie  at 
the  base  of  the  presumed  Upper  Quartzite  on  this  mountain,  but 
nowhere  else  as  far  as  I  can  make  out.  The  same  phenomenon  may 
be  noticed  on  the  south  side  in  the  wild  corries  round  Dhu  Loch 
More.  "  Granitic  gneiss,  and  mica  slate  with  intrusive  rocks,"  says 
Nicol,^  "constitute  the  nucleus  of  the  mountain."  His  granitic  gneiss 
and  mica-slate  are,  I  apprehend,  nothing  more  nor  less  than  our 
**  Logan  "  rock,  which  extends  to  an  elevation  of  about  2550  feet 
(by  aneroid)  on  the  S.E.  shoulder  of  Coniveall.  At  this  point  the 
usual  granitic  and  homblendic  assortment  of  crystalline  rocks, 
varied  by  a  little  porphyry  in  places,  suddenly  terminates,  and  is 
succeeded  by  the  coarse  f ragmen tal  series  underlying  the  Quartzite. 
These  beds  dip  25°  W.N.W.,  i.e.  rather  into  the  mountain,  which  may 
receive  strength  from  a  slight  local  syncline.  Thus  on  both  sides 
an  elevation  of  at  least  2500  feet  must  be  claimed  for  the  "  Logan  " 
rock  of  the  Ben  More-Coniveall  group,  leaving  about  700  feet  for 
grit  beds,  conglomerates,  quartzites  and  the  like. 

It  was  the  sight  of  this  magnificent  corrie  at  the  head  of  Dhu  Loch 
More,  with  the  entire  sweep  of  its  precipitous  slopes,  thus  obviously 
composed  of  "  Logan  "  rook,  with  a  mere  capping  of  Quartzite,  which 
at  onoe  staggered  my  faith  in  the  Murchisonian  interpretation  of 
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Assy  n  t .  I  admit  that  there  are  plenty  of  difficulties  still,  and  that  much 
has  to  be  explained  which  I  had  no  time  to  see.  These  are  bat  first 
impressions ;  yet  I  should  be  ver}'  loath  to  believe  that,  because  a 
few  sections  may  seem  to  show  some  tortured  and  dislocated  frsg- 
ments  of  the  Quartzite-dolomite  appearing  to  pass  under  "Logan" 
rock,  that  this  great  and  continuous  mass  is  not  really  from  top  to 
bottom  the  local  representative  either  of  the  fundamental  gneiss,  or 
of  something  that  is  first  cousin  to  it  This  is  the  conclusion  which 
seems  to  render  a  part  at  least  of  the  sequence  in  Assynt  intelligible, 
though  the  notion  of  an  intercalated  "  Logan  "  rock,  which  has  not  i 
few  supporters,  may  work  better  in  other  districts. 

8.  1$  the  Upper  Gneiss  really  a  newer  formation^  properly  overlyng 
the  Quartzite-dolomtie  ? — ^This,  after  all,  is  the  most  important  question, 
but  I  had  no  opportunities  of  studying  it  in  the  mountains  of 
Assynt  South  of  the  line  of  Loch  Borrolan  there  is  an  immenm 
change  in  the  geological  features  of  the  country.  The  "Logan" 
rock  ceases  to  appear  and  the  great  range  of  Ben  More  seems  to  have 
died  away  in  the  red  syenite  of  Loch  Borrolan,  where  it  attains  an 
elevation  of  1300  feet  in  Gnoc-na-Sroiue.  Most  people  regard  this  as 
an  igneous  intrusive  rock,  and  such  it  probably  is,  though  with  a 
strong  affinity  for  *'  Logan  "  rock,  which  it  most  likely  injects  and 
partly  perhaps  passes  into.  Anyhow  the  great  eastern  chain  of 
Assynt  which  I  have  endeavoured  to  describe  fails  to  the  south  of 
this  line. 

An  important  extension  of  the  Upper  Gneiss  to  the  westward  at 
moderate  elevations  is  the  immediate  result,  and  we  are  thus  enabled 
to  see  the  stratigraphical  relations  of  this  group  to  the  Quartzite- 
dolomite  under  favourable  conditions.  Allusion  has  already  been 
made  to  the  section  at  Craig-a-Knockan.  If  to  see  is  to  believe, 
there  ought  not  to  be  much  difficulty  here.  The  Quartzite  sweeps 
steadily  down  from  Coul  More,  and  is  succeeded  in  ascending  order 
by  the  "yellow  beds,"  and  these  by  the  Dolomite,  the  whole  having 
moderate  easterly  dips,  just  as  is  shown  in  Professor  Geikie's  section.^ 
The  junction  with  the  Upper  Gneiss,  which  succeeds,  seems  perfectly 
regular,  the  direction  of  dip  being  still  about  the  same  and  not 
exceeding  10°.  In  the  place  where  we  saw  the  junction,  along  the 
line  of  which  we  walked  for  some  distance,  there  are  no  appearances 
such  as  would  justify  NicoFs  interpretation.  In  one  place  the  Upper 
Gneiss  is  very  much  crushed  and  full  of  pyrites,  but  there  is 
certainly  no  tuming-up  of  the  Dolomite,  which  may  be  seen  for  some 
distance  to  underlie  the  so-called  Upper  Gneiss  conformably  and  at 
a  moderate  angle.  It  is  for  the  students  of  Archaean  geology  to 
upset  the  plain  evidence  of  this  section,  which  certainly  seems  to 
mean  what  it  says.  Indeed,  the  beds  hereabouts  slope  at  such  a 
moderate  angle,  and  there  are  so  few  signs  of  dislocation,  that  one  is 
scarcely  prepared  for  an  inversion,  such  as  may  well  occur  in  the 
troubled  region  of  Ben  More. 

There  is  only  one  other  place  where  I  had  an  opportunity  of 
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visiting  the  junction  of  what  is  usually  regarded  as  Upper  Gneiss 
with  the  Quartzite.  This  was  at  the  Stack  of  Glencoul  (about 
1700  feet),  where  the  Dolomite  is  absent.  No  actual  contact  was 
observed  here,  but  the  direction  and  amount  of  dip  of  the  two 
formations  are,  as  far  as  I  remember,  about  the  same ;  and,  what  is 
more,  there  really  seems  to  be  a  sort  of  lithological  passage  between 
the  regular  Quartzite  and  the  fine  quartzose  flags  which  gradually 
conduct  to  the  more  micaceous  beds.  I  may  be  wrong,  as  the  spot 
is  very  remote,  and  only  accessible  after  fatigues  which  rather  impair 
one's  powers  of  obsenration. 

Conchision, — ^There  are  several  minor  points  on  which  I  have  not 
touched.  One  of  these  is  the  relation  of  the  Ledbeg  Marble  to  the 
Dolomite.  These  marbles  are  fragmentary  masses  lying  somewhat 
in  the  direction  of  the  strike  of  the  Stronchrubie  Dolomite,  and 
apparently  associated  with  Quartzite,  which  is  hemmed  in  between 
a  ridge  of  **  Logan  "  rock  on  the  west  and  the  so-called  porphyry  of 
Loch  Borrolan  on  the  east.  These  marbles  effervesce  with  acid  far 
more  readily  than  do  the  dolomites,  and  from  this  I  infer  that  the 
carbonate  is  principally  lime.  On  the  other  hand,  they  contain  a 
considerable  development  of  silicates,  either  serpentine  or  malacolite 
— ^perhaps  both.  The  magnesia  in  these  beds,  therefore,  may  exist 
in  combination  with  silica  rather  than  with  carbonic  acid.  One  can 
hardly  say  whether  the  difiference  between  these  two  groups  is  one 
of  origin,  or  merely  superinduced  through  contact  alteration,  as  was 
suggested  by  Nicol.  The  subject  is  an  interesting  one,  but  requires 
close  attention  and  a  careful  examination  of  numerous  specimens. 
It  certainly  seems  a  little  far-fetched  to  go  in  search  of  another 
geological  formation,  in  which  to  locate  these  curious  and  by  no 
means  extensive  fragments. 

There  is  another  observation  which  my  short  trip  to  Sutherland 
has  induced  me  to  make,  viz.  that  the  local  strike  of  beds  cannot 
always  be  accepted  as  an  indication  of  the  group  to  which  they 
belong.  There  has  been  too  much  dogmatism  on  this  point.  It  is 
quite  possible  that  a  prevalent  strike  exists  for  certain  groups,  but 
the  exceptions  to  the  direction  of  this  are  so  numerous,  especially  in 
the  more  disturbed  districts,  that  no  one  should  pretend  to  be  guided 
by  the  strike  alone  to  any  conclusions  of  importance  with  reference 
to  the  grouping  of  beds  in  limited  areas. 

It  is  not  without  feelings  of  regret  that  I  cannot  see  my  way  to  an 
Upper  Quartzite,  and  if  I  have  been  wrong  about  the  position  of  the 
"Logan"  rock,  I  still  think  that  this  monster  will,  in  most  places, 
have  to  be  dealt  with  on  the  basis  of  a  fold  over  of  some  of  the  lower 
beds.  The  sequence  at  Oraig-a-Knockan,  showing  the  superposition 
of  the  Upper  Gneiss,  seems  to  be  unshaken. 

There  are  workers  now  in  the  country,  skilled  in  the  interpreta- 
tion of  the  older  rocks.  May  it  be  given  to  them  eflfectiially  to 
pierce  the  mists  of  Assynt,  and  to  raise  the  veil  which  yet  hangs 
over  portions  of  the  North- West ! 
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III. — On  the  Cause  of  the  Depression  and  Be-elevation  of  the 

Land  during  the  Glacial  Period. 

By  Thomas  F.  Jamieson,  F.G.S. 

IN  a  paper  published  in  the  Quarterly  Journal  of  the  Greological 
Society  for  January,  I860,  p.  178,  I  drew  attention  to  the  re- 
markable fact  that  in  various  parts  of  the  world  the  presence  of 
glaciers  had  been  attended  by  a  submergence  of  the  land,  and  I 
suggested  that  the  enormous  weight  of  ice  laid  upon  the  surface  of 
the  country  might  have  caused  a  depression,  while  the  melting  of 
the  ice  would  also  account  for  the  rising  again  of  the  land  wbich 
seems  to  have  everywhere  followed  some  time  after  the  ioe  dis- 
appeared. 

Tlie  paragraph  in  question,  if  it  did  no  other  good,  was  of  service 
in  so  far  as  it  attracted  the  attention  of  the  thoughtful  mind  of  Dr. 
James  CroU,  who  in  a  letter  dated  22nd  Aug.  1865,  addressed  to 
Ptx)fessor  Ramsay,  and  published  in  the  pages  of  **  The  Header  "  of 
the  2nd  Sept  in  the  same  year,  commented  on  the  suggestion  I  had 
made.  But,  while  admitting  the  fact  that  submergence  had  generally 
accompanied  glaciation,  he  doubted  the  sufficiency  of  the  cause  I 
had  assigned,  and  maintained  that  the  circumstance  would  be  better 
explained  by  the  influence  of  a  great  polar  ice-cap  whose  mass 
would  effect  a  slight  shifting  of  the  oentre  of  gravity  of  the  earth 
and  thus  draw  the  waters  of  the  ocean  northward  or  southward, 
according  as  either  pole  happened  to  be  under  ice  at  the  time.  This 
theory  had  previously  been  advanced  by  AL  Adhemar  and  developed 
by  him  at  considerable  length,  in  a  volume  entitled  "  Revolutions 
de  la  Mer." 

Dr.  Croirs  letter  gave  rise  to  a  lengthened  con*espondence  and 
controversy  in  the  pages  of  the  periodical  called  *'  The  Reader,"  in 
wliich  a  part  was  taken  by  Mr.  S.  V.  Wood,  jun.,  Mr.  O.  Fisher  and 
others ;  but  so  far  as  I  remember,  no  further  notice  was  taken  by 
any  of  them  of  the  cause  I  had  suggested. 

Dr.  Croll's  maturer  views  on  the  subject  will  be  found  set  forth 
in  his  remarkable  work  called  "  Climate  and  Time,^^  and  also  in  a 
paper  published  in  the  Geological  Magazine  for  July  and  August, 
1874r,  *'  On  the  Physical  Cause  of  the  Submergence  and  Emergence  of 
the  Land  during  the  Glacial  Epoch*^  He  there  assumes  that  the 
Antarctic  contingent  is  at  present  covered  by  a  cap  of  ice  2800  miles 
in  diameter  and  six  miles  thick  at  the  pole,  with  an  average  depth 
of  about  two  miles  all  over ;  and  he  maintains  that  the  submergence 
of  the  northern  lands  during  the  Glacial  period  was  caused  by  the 
transference  of  this  great  mass  of  ice  from  the  southern  to  the 
northern  hemisphere. 

It  seems  to  me  that  we  have  no  sufficient  proof  of  the  present  exist- 
ence of  a  south  polar  ice-cap  of  the  dimensions  Dr.  Croll  assumes ; 
and  the  evidence,  so  far  as  I  can  judge,  seems  to  be  decidedly  against 
the  notion  that  there  was  any  such  ice-cap  at  the  North  Pole  during 
the  Glacial  period  ;  but  without  meaning  to  question  the  adequacy 
of  a  great  polar  ice-cap,  supposing  it  did  exist,  to  afifect  the  centre 


T.  F,  Jamieson — Oscillation  of  Land  in  Glacial  Period.    401 

3f  gravity  of  the  earth  to  some  degree,  and  thereby  to  cause  a  sensible 
shange  in  the  sea-level,  I  shall  here  mention  a  few  objections  that 
present  themselves  to  the  application  of  this  theory  made  by  Dr. 
CrolL 

Ist  The  evidence  of  submergence  we  find  in  the  shape  of  raised 
3ea-beaches,  and  beds  of  clay  and  sand  containing  marine  fossils, 
seems  to  show  that  during  the  time  of  their  formation  no  such  im- 
mense cap  of  ice  could  have  existed  in  the  North  Polar  area,  nor  in 
any  of  the  glaciated  regions  of  the  northern  hemisphere  with  which 
we  are  acquainted.  These  elevated  marine  beds  have  been  traced 
by  the  Arctic  Expeditions  along  the  shores  of  Greenland  and  Grinneirs 
Land  up  to  lat.  82^,  within  a  few  hundred  miles  of  the  Pole  itself, 
proving  that  during  the  time  they  were  laid  down  no  great  ice-cap 
could  have  existed  there,  and  showing  that  even  in  Greenland  much 
of  the  coast  was  covered  with  sea- water  and  not  by  ice.  Again,  in 
Norway  and  Sweden  the  marine  glacial  beds  show  that  during  the 
time  of  their  formation,  the  land-ice  in  Scandinavia  was  much  cir- 
cumscribed, and  had  retreated  far  within  the  present  line  of  shore. 
In  our  own  country  also  the  Arctic  shell  beds  found  in  Wales, 
Jiancashire,*  and  various  parts  of  Scotland  and  Ireland,  demonstrate 
that  the  ice  had  shrunk  into  comparatively  small  dimensions,  and 
did  not  cover  anything  like  the  present  area  of  the  British  Isles.  The 
same  holds  good  in  America,  where  the  marine  clays  and  sands 
found  along  the  banks  of  the  Ottawa,  the  St.  Lawrence,  Lake 
Champlain  and  Labrador  afford  convincing  proof  that  the  great 
Canadian  glacier  had  dwindled  into  comparative  insignificance  at 
the  time  they  were  deposited.  I  am  therefore  unable  to  see  where 
the  enormous  mass  of  ice  could  have  lodged  that  Dr.  GroU  calculates 
upon ;  for  during  the  time  of  submergence  to  which  these  marine 
beds  belong  the  land-ice  of  the  northern  hemisphere,  instead  of 
being  at  its  maximum,  was  so  far  reduced  as  to  be  evidently  inade- 
quate for  the  purpose  he  requires.  The  submergence  according  to  his 
theory  must  have  diminished  step  by  step  with  the  diminishing  ice ; 
for  the  action  of  gravitation  he  invokes  operates  instantaneously,  and 
the  submergence  could  not  have  endured  a  day  after  the  ice  vanished. 

2nd.  If  the  submergence  was  caused  by  an  ice-cap  drawing  the 
ocean  northward,  the  sea- water  should  have  risen  to  equal  heights 
along  the  same  parallels  of  latitude,  but  the  facts  hitherto  reported 
do  not  agree  with  this  at  all,  for  they  indicate  a  very  unequal 
amount  of  submergence  in  places  situated  in  the  same  latitude. 
The  best-known  high-lying  marine  beds  of  New  England  and 
Canada  lie  between  lat.  44°  and  52°,  which  corresponds  to  that  of 
France  and  the  South  of  England,  just  where  evidence  of  submer- 
gence is  conspicuous  by  its  absence.  Again,  we  find  in  Scandinavia 
evidence  of  submergence  to  the  extent  of  600  or  700  feet,  but  in  the 
same  latitude  along  the  eastern  side  of  the  Baltic  and  in  Finland 
no  evidence  of  a  like  submergence  has  been  found.  In  the  neigh- 
bourhood of  Dublin,  Lancashire  and  North  Wales,  sea  shells  are 
found  in  the  superficial  beds  of  sand  and  gravel  to  heights  of  1200 

>  Macclesfield,  Cheshire,  see  Geol.  Mao.  1866,  Vol.  11.  pp.  293-299. 
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and  1350  feet,  but  no  evidence  of  submergence  to  anything  like 
this  extent  has  been  detected  on  the  eastern  side  of  England  or  in 
the  neighbouring  parts  of  Europe.  In  Canada  the  marine  shell  beds 
reach  up  to  470  feet  at  Montreal,  but,  says  Mr.  Thos.  Belt,*  "going 
eastward  from  Montreal  the  elevation  of  the  marine  beds,  marking 
the  former  submergence  of  the  land,  gradually  decreases  until  in 
Nova  Scotia  it  reaches  zero."  Dana,  in  the  2nd  edition  of  his  Manual 
of  Geology,  tells  us  that  the  altitude  of  the  marine  deposits  on  the 
southern  shores  of  New  England  is  40  or  50  feet,  at  Lake  Champ- 
lain  (which  is  in  the  same  lat.  as  Nova  Scotia)  they  occur  m^  to 
393  feet.  It  would  therefore  appear  that  on  the  Eastern  coast  of 
North  America  the  submergence,  like  the  glaciation,  extended 
farther  South  than  it  did  in  Europe.  This  is  quite  intelligible  if 
there  was  a  depression  of  land  caused  by  the  glacier,  but  is  unac- 
countable by  a  rise  of  the  ocean. 

3rd.  Again,  according  to  Dr.  Croll,  the  amount  of  submergence 
should  have  diminished  very  very  gradually  as  we  trace  it  from  north 
to  south.  For  example,  he  calculates  that  if  the  submergence  was 
485  feet  at  the  North  Pole,  it  would  be  434  feet  in  the  lat  of  Edin- 
burgh, or  only  51  feet  less.  The  evidence,  however,  does  not  agree 
with  this,  for  in  Holland,  Belgium,  France,  and  the  South  of 
England  little  or  no  submergence  has  been  discovered,  although  a 
large  amount  occurred  a  few  hundred  miles  to  the  north  of  these 
places.  In  Scandinavia  the  highest  lying  shell-beds  are  in  the 
southern  half  of  the  peninsula,  where  they  attain  an  altitude  of  500 
or  600  feet,  but  in  going  northward  from  Trondhjeim  they  seem  to 
decrease  in  elevation,  and  in  Finmark  none  have  been  discovered  at 
nearly  so  great  a  height  At  Hammerfest,  according  to  M.  Bravais, 
the  highest  of  the  old  sea  beaches  is  only  92  feet  This  is  incon- 
sistent with  Dr.  CrolVs  theory,  according  to  which  the  submergence 
should  have  increased  to  the  north  instead  of  growing  less,  but  it  is 
intelligible  on  the  ice  pressure  hypothesis,  as  the  amount  of  precipi- 
tation is  greatest  along  the  south  half  of  the  Norwegian  coast  and 
therefore  the  weight  of  ice  would  be  heaviest  in  that  quarter. 

Moreover,  Bravais  found  that  the  old  sea  beaches  in  Finmark  are 
not  horizontal.  If  this  be  correct,  it  is  a  good  proof  that  the  move- 
ment has  been  due  to  a  rise  of  the  land,  for  had  it  been  caused  by  a 
fall  of  the  ocean  it  is  evident  the  old  beaches  should  have  been 
horizontal.  Bravais  found  his  uppennost  beach  line  decline  in  level 
from  221  feet  at  its  southern  extremity  in  Altenfiord  to  92  feet  at  its 
northern  end  at  Hammerfest,  thus  lowering  in  level  from  south  to 
north.' 

These  objections  to  the  theory  of  Dr.  Croll  induce  me  to  think  that 
the  cause  assigned  by  him  is  not  the  true  one,  and  that  an  explana- 
tion must  be  sought  in  some  other  direction.  I  may  further  remark 
that  Dr.  CroU's  theory  assumes  that  the  glacial  conditions  were  not 
simultaneous  in  the  Arctic  and  Antarctic  regions.  But  in  the  presrnt 
state  of  our  knowledge  it  seems  to  me  that  we  are  not  entitled  to 

1  Trans,  of  Halifax  Institute,  8th  May,  1866. 
*  Quart.  Joum.  of  the  Geol.  Soc.  vol.  i.  p.  641. 
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make  this  asBumption,  for  I  do  not  know  of  any  trustworthy  evidence 
to  show  whether  the  glacial  conditions  were  or  were  not  sioiul* 
taneous  in  both  hemispheres.     At  present  we  cannot  tell. 

Supposing,  however,  we  grant  an  ice-cap  at  one  pole  of  the  size 
Dr.  Croll  requires,  viz.  six  miles  thick  at  the  centre,  or  about  32,000 
feet  This  would  give  a  weight  of  12,000  lbs.  on  the  square  inch, 
which  is  equal  to  800  atmospheres,  and  would  amount  to  more  than 
21,000  million  tons  on  the  square  mile.  Gould  the  bottom  layers  of 
ice  sustain  such  a  weight  without  liquefying  ?  Supposing  even  this 
to  be  possible,  would  not  such  a  weight  depress  the  ground  beneath 
it  ?  Would  not  the  centre  of  gravity  of  the  earth  be  more  likely  to 
pull  the  cap  down  than  the  cap  to  shift  the  centre  of  gravity  ?  The 
earth  would  require  to  be  a  very  rigid  body  indeed  to  sustain  such  a 
weight  for  thousands  of  years  without  yielding. 

I,  however,  prefer  resting  my  objections  on  the  geological  evidence, 
which  I  think  conclusively  shows,  from  the  unequal  amount  of  sub- 
mergence in  adjoining  areas,  that  the  circumstance  was  not  occasioned 
by  a  rise  of  the  sea,  but  by  a  fall  of  the  land.  I  shall  afterwards 
point  out  that  we  have  also  a  good  deal  of  evidence  of  depression  in 
regions  where  there  was  no  submergence,  and  therefore  where  move* 
meuts  of  the  sea  do  not  enter  into  the  question  at  all. 

Hypothesis  Proposed. 

It  seems  to  me  that  the  facts  agree  better  with  the  notion  that 
the  submergence  was  due  to  a  sinking  of  the  land,  and  my  idea  is 
that  the  ice-covered  regions  were  depressed  by  reason  of  the  great 
weight  of  ice  placed  upon  them,  and  that  when  the  ice  disappeared 
they  rose  again  with  extreme  slowness,  and  may  have  eventually 
attained  nearly  their  former  level;  but  in  most  cases,  I  believe, 
some  amount  of  permanent  depression  probably  occurred. 

The  amount  of  depression  would  depend  on  two  things,  viz. : — 

1.  The  weight  of  ice. 

2.  The  elasticity  or  yielding  nature  of  the  area  on  which  it  lay. 
Tlie  amount  of  ice  that  accumulated  upon  the  land  during  the 

period  of  maximum  glaciation  is  now  admitted  on  all  hands  to  have 
been  very  great.  Whether  we  ask  the  geologists  of  Scandinavia,  or 
of  Switzerland,  or  of  Great  Britain,  or  of  Canada,  or  of  the  United 
States,  all  of  them  will  tell  us  that  the  thickness  of  the  ice  in  these 
regions  must  be  reckoned  by  thousands  of  feet. 

Assuming  the  specific  gravity  of  the  ice  to  have  been  875  com- 
pared with  water  as  1000,  or  in  other  words  to  have  been  seven- 
eighths  of  the  weight  of  water,*  then  the  weight  of  a  mass  of  ice 
1000  feet  thick,  would  be  378  pounds  to  the  square  inch,  or  equal 
to  fully  25  atmospheres,  and  would  amount  to  678,675,690  tons  on 
every  square  mile.  If  the  ice  was  3000  feet  thick,  it  would  at  this 
rate  amount  to  over  2000  million  tons  on  the  square  mile.  If  4000 
feet  thick,  it  would  give  a  pressure  of  a  hundred  atmospheres,  or 
1500  lbs.  on  the  square  inch. 

*  A.  Helland  found  the  sp.  grav.  of  the  Greenland  icebergs  to  be  886.  See  Quart. 
Joum.  of  the  Geol.  Soc.  yol.  xxjuii.  p.  155,  Feb.  1877. 


404      T,  F.  Jamieson — Oscillation  of  Land  in  Glacial  Period. 

Now  we  have  every  reason  to  believe  that  from  1000  to  3000  feet 
was  quite  a  common  thickness  in  many  of  the  glaciated  regions  of 
Northern  Europe.  Some  authorities  indeed  place  it  at  a  higher 
figure,  while  in  America  both  Agassiz  and  Dana  calculate  that  a  far 
greater  depth  of  ice  existed.  The  latter  thinks  that  on  the  Canadian 
watershed  it  must  have  been  11,000  feet  thick  (Manual  of  Gkology. 
2nd  ed.  p.  638),  and  on  the  northern  border  of  New  England  h« 
supposes  it  had  a  mean  thickness  of  65U0  feet. 

In  some  of  the  Fjords  of  Norway  Mr.  A.  Helland  puts  it  at  $000 
feet. 

But  without  insisting  on  these  high  figures,  it  is  evident  that  s 
thickness  of  even  3000  feet  of  ice  will  give  us  a  weight  by  no  means 
despicable,  a  weight  which  would  retjuire  a  marvellous  rigidity 
indeed  in  the  earth  beneath  it  to  sustain  such  a  load  without  yield* 
ing  in  some  degree. 

But  no  substance  we  are  acquainted  with  is  absolutely  rigid ;  it 
always  yields  more  or  less  to  pressure,  and  when  the  pressure  ii 
removed  it  tends  to  resume  its  former  |K)sition,  and  will  do  so  more 
or  less  perfectly  according  to  the  elasticity  of  its  nature.  Some 
bo<lies  are  so  elastic  as  to  regain  their  original  form  completely, 
without  suflfering  any  permanent  change;  and  physical  authorities 
tell  us  that  practically  speaking  almost  every  solid  body  may  be 
considered  perfectly  elaHtio  up  to  a  certain  point.  That  is  to  say, 
there  is  generally  a  limit  of  constraint  from  which  it  will  recover 
when  the  strain  is  removed.  But  if  the  strain  is  carried  beyond 
this  limit,  the  body  undergoes  a  permanent  change  in  shape  or  size, 
and  acquires  what  is  technically  called  a  set  from  which  it  does  not 
recover. 

Now,  that  the  crust  of  the  earth  is  flexible  and  elastic  the  pheno- 
mena of  earthquakes  sufficiently  demonstrate.  The  surface  heaves 
like  the  billows  of  the  sea,  sometimes  causing  trees  to  l)end  so  as  to 
touch  the  ground  with  their  tops,  or  tossing  up  flagstones  into  the 
air  so  as  to  make  them  come  down  bottom  upwards.  Waves  of 
elastic  compression  are  transmitted  many  hundreds  of  miles  from 
the  seat  of  disturbance,  as  in  the  case  of  the  great  earthquake  at 
Lisbon,  when  the  water  of  lakes  in  Scotland  rose  and  fell  two  feet 
in  vertical  height  as  the  shock  passed  along.  All  this  implies  some 
amount  of  flexibility,  which  no  doubt  will  vary  a  good  deal  accord- 
ing to  the  nature  of  the  strata  and  materials  of  which  the  earth  is 
composed.  Geologists  seem  inclined  to  believe  that  whether  the 
great  internal  mass  of  the  earth  be  fluid  or  not,  there  are,  at  all 
events,  great  pools  or  lakes  of  melted  matter  here  and  there  in  the 
interior,  at  various  depths  below  the  surface ;  and  if  this  be  so,  a 
region  lying  above  an  elastic  cushion  of  this  sort  would  be  more 
likely  to  yield  to  pressure  than  where  the  substructure  is  more  solid. 
A  very  small  amount  of  yielding  is  all  that  is  required,  spread  over 
g^wide  an  extent  as  to  be  quite  inappreciable  to  the  eye  when 
■P^  in  a  section  drawn  on  a  true  scale ;  and  that  the  earth  is  so 
^V^My  rigid  as  to  sustain  with  indifiference  the  imposition  of  a 
^^pt  of  ice  thousands  of  feet  thick  over  areas  of  almost  con- 
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tinental  dimensions  seems  to  me  very  improbable  indeed.  It  appears 
more  likely  that  the  position  of  the  surface  is  in  a  state  of  delicate 
eqailibrium,  and  that  any  considerable  transference  of  pressure  will 
cause  a  re-adjustment  of  levels.  If  upheavals  and  depressions  of 
the  land  have  not  been  caused  by  changes  of  pressure,  it  may  be 
asked  what  is  it  they  have  been  caused  by  ?  In  volcanic  eruptions 
even  so  slight  a  difiference  in  pressure  as  the  varying  weight  of  the 
atmosphere  has  been  thought  to  have  some  influence  on  the  subter- 
ranean forces.  The  elasticity  of  the  ground  is  so  great  indeed  as  to 
respond  to  very  insignificant  agencies.  The  rumbling  of  a  waggon 
along  the  street,  the  galloping  of  a  troop  of  horse,  or  even  the 
measured  tread  of  armed  men,  causes  a  vibration  of  the  surface 
which  is  plainly  felt. 

If  beneath  that  part  of  the  surface  which  was  affected  by  the  heavy 
pressure  of  the  ice  there  happened  to  be  a  quantity  of  lava  in  a  fluid 
state,  the  result  might  be  to  cause  an  outburst  of  the  lava  to  take 
place  at  some  more  distant  point.  This  would  relieve  the  tension 
and  lead  to  a  permanent  depression  of  the  ice-covered  area.  For 
example,  in  North  America,  the  great  fields  of  ice  that  lay  on  certain 
portions  of  that  continent  by  their  downward  pressure  may  have 
occasioned  some  of  those  extensive  eruptions  which  seem  to  have 
taken  place  in  the  region  of  California  after  the  commencement  of 
the  Glacial  Period.*  The  volcanic  phenomena  of  Iceland  in  like 
manner  may  have  been  affected  by  similar  causes.  That  there  has 
been  a  considerable  permanent  depression  of  some  of  the  most  heavily 
glaciated  regions  since  the  commencement  of  the  Glacial  period 
I  think  there  is  much  reason  to  believe.  The  features  of  the  Fiord 
districts  of  Norway  and  the  West  Highlands  of  Scotland  and  of 
British  Columbia,  for  example,  seem  to  show  this ;  for  these  coasts 
have  all  the  appearance  of  depressed  mountain  lands,  which  have 
been  cut  and  carved  by  streams  and  glaciers  far  beneath  the  present 
level  of  the  sea.  The  glaciation  of  the  United  States  also  presents 
some  singular  features  that  seem  to  point  to  an  elevation  of  the 
Canadian  ridge  between  the  lakes  and  Hudson's  Bay  much  greater 
than  now  exists. 

But  in  regard  to  the  effect  of  pressure,  time  is  an  important 
element  in  the  problem. 

Bodies  that  seem  absolutely  rigid  to  pressure  applied  for  a  short 
space  of  time  yield  perceptibly  to  a  force  which  is  long  continued. 
The  effect  may  be  so  minute  as  to  be  quite  imperceptible  at  first,  yet 
when  multiplied  a  sufficient  number  of  times  it  will  give  us  all  that 
we  require.  And  this  is  just  the  lesson  that  Geology  has  so  often 
impressed  upon  us.  Now  in  the  case  we  are  considering  we  can 
draw  largely  on  the  Bank  of  Time. 

In  regard  to  the  pressure  exerted  by  the  ice,  we  must  bear  in  mind 
that  it  probably  continued  for  very  many  thousands  of  years.  If 
we  suppose  that  it  caused  a  depression  of  only  an  inch  in  the  year, 
this  would  give  us  a  foot  in  12  years,  100  feet  in  1200  years  and  500 

'  See  J.  Le  Conte,  On  the  Old  River  Beds  of  California,  in  the  American  Journal 
of  Science,  for  March,  1880. 
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feet  in  6000  years ;  and  this  might  be  much  more  than  we  require, 
for  allowing  longer  time  far  less  than  this  might  be  enough.  Now 
an  inch  in  the  year  is  less  than  a  hair's  breadth  in  the  day. 

The  earth's  diameter  is  about  7900  miles,  which  is  equal  to  rather 
more  than  500  million  inches.  Suppose  then  we  had  a  pile  of 
books  consisting  of  a  million  volumes,  each  containing  1000  pages, 
a  compression  of  an  inch  would  be  represented  by  the  thickness  of 
only  a  single  leaf  or  TSTr.ir^.TrTnj  part  of  the  whole.  Now  for  a 
depression  of  an  inch  we  may  allow  at  least  a  whole  year  and 
perhaps  even  five  years.  The  action  we  invoke  therefore  does  not 
seem  to  be  an  unreasonable  or  extravagant  one. 

The  recovery  of  level  after  the  ice  disappeared  would  depend 
upon  the  elasticity  of  the  materials  beneath  the  depressed  region. 
The  rise  would  probably  be  very  slow  and  gradual,  like  the  depression, 
and  in  many  cases  the  recovery  of  level  would  probably  be  incom- 
plete. The  unequal  strength  of  the  earth's  crust  and  the  irregular 
way  in  which  it  yields  to  pressure  are  exemplified  by  what  we  know 
about  faults. 

Faults  are  often  of  great  magnitude,  extending  sometimes  to  many 
hundred  feet  and  occasionally,  it  has  been  supposed,  to  even  thousands 
of  feet ;  and  they  show  that  the  subterranean  structure  may  be  such 
as  to  give  way  very  unequally  to  pressure.  It  has  been  thought  that 
subterranean  cavities  exist  which  might  allow  a  permanent  amount 
of  subsidence  to  be  effected  with  comparative  ease. 

The  general  paucity  of  animal  remains  in  the  marine  beds  of  the 
Glacial  period  would  seem  to  indicate  that  the  actual  occupation  of 
the  surface  by  the  sea- waters  had  not  been  very  prolonged,  for  had  it 
l^en  so,  we  should  expect  to  find  remains  of  whales,  seals,  and  fishes, 
far  more  abundantly  than  we  do,  and  also  great  beds  of  sea  shells. 

Animal  life  swarms  in  many  parts  of  the  Arctic  Ocean,  and  we 
can  hardly  suppose  the  sea  to  have  occupied  our  coasts  for  thousands 
of  years  without  leaving  remains  of  marine  life  in  a  degree  of  plenty 
far  beyond  what  we  find  in  any  of  the  Glacial-Marine  beds  of  this 
country.  During  the  commencement  and  earlier  stages  of  the 
depression  the  submerged  tracts  which  are  now  above  water  would 
probably  be  occupied  by  glacier-ice,  and  it  would  only  be  after  the 
ice  broke  up  and  floated  off"  that  the  sea  would  take  its  place,  by 
which  time  the  land  would  be  on  the  rise  again.  The  subsidence  of 
the  land  no  doubt  contributed  much  to  the  dispersion  of  the  ice  by 
enabling  it  to  float  away  and  get  melted  in  warmer  water. 

If  the  glacial  conditions  were  simultaneous  in  the  north  and  south 
hemispheres  during  the  age  of  ice,  there  can  be  little  doubt  that  the 
abstraction  of  so  great  a  mass  of  water  from  the  ocean,  together 
with  the  contraction  in  bulk  of  the  water  owing  to  the  colder 
temperature,  would  have  very  sensibly  lowered  the  sea-level,  as  Mr. 
Alfred  Tylor  pointed  out.^     But  owing  to  the  want  of  proper  data 

»  Geol.  Mao.  1872,  pp.  392  and  485.      Mr.  Alfred  Tylor  calculated  that  a 
deposit  of  snow  and  ice  1500  feet  thick  over  an  area  of  land  one-t«nth  of  that  of  the 
would  reduce  the  level  of  the  ocean  150  feet.     He  supposes  a  subsidence  of 
leet  altogether. 
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on  which  to  calculate  the  total  cubic  contents  of  the  sea,  and  of  the 
supposed  glaciers,  it  is  difficult  to  form  any  good  estimate  of  the 
change  of  level  that  would  result  from  such  a  cause.  If  there  was 
an  ice-cap  at  both  poles  at  the  same  time,  the  centre  of  the  gravity 
of  the  earth  would  remain  much  as  it  is,  and  the  cause  of  sub- 
mergence invoked  by  Dr.  Croll  and  M.  Adhemar  would  not  come 
into  operation. 

{To  be  concluded  in  our  next  Number,) 

IV. — Notes  on  the  Geology  of  the  Country  at  the  Base  of  the 

S.W.  Slopes  of  the  Urals. 

By    W.     H.     TWBLVBTBEBS,     F.G.S. 

THE  country  at  the  base  of  and  forming  the  south-western  slope 
of  the  Urals  has  been  little  visited  by  geologists  from  Western 
Europe,  and  deserves  more  attention  than  it  has  received.  Several 
years*  residence  in  it  form  my  excuse  for  recording  a  few  notes 
thereon.  The  area  I  have  travelled  over  extends  from  Samara  on 
the  Volga  in  the  W.  to  Proobrajensky  and  Bieloretzky  in  the  E., 
and  from  Orenburg  in  the  S.  to  the  town  of  Ufa  in  the  N.  The 
foi-mations  met  with  within  these  limits  are  the  Silurian,  Devonian, 
Carboniferous,  Permian,  and  Jurassic.  The  three  former  are  the 
crystalline  rocks  of  the  Urals,  the  western  edge  or  front  range  being 
composed  of  Carboniferous  grits  and  limestones.  The  foot  hills  are 
Lower  Permian,  made  up  of  gypsum,  red  sandstones  and  marls, 
conglomerates,  and  different  varieties  of  rather  homogeneous,  com- 
pact limestone.  This  division  of  the  Permian,  which  only  in  places 
yields  Umos  or  Anodona  and  plant- remains,  gives  way  further  west 
to  the  highly  fossiliferous  Magnesian  Limestone,  upon  which  repose 
the  copper- bearing  marls  and  sandstone  of  the  great  Permian  steppe. 
A  journey  due  E,  from  Kargalinsk  over  the  Lower  Permian 
country  to  the  Carboniferous  mountain  rocks  showed  the  conglo- 
merates and  sandstones  undulating  in  gentle  flexures  to  within  five 
miles  of  the  front  range,  and  then  they  dip  to  the  W.  The  lowest 
of  the  Permians  was  a  band  of  massive  gypsum.  Five  miles  further 
N.  the  same  band  was  met  with,  and  eighty  miles  still  further  to  the 
N.W.  the  gypsum  preserved  the  same  relative  position.  The  out- 
lying conical  Carboniferous  Limestone  hills  at  Sterlitamak  in  the 
Ufa  government,  which  have  burst  through  the  Lower  Permian  rocks, 
bring  the  same  gypsum  up,  which  is  to  be  seen  at  their  eastern  and 
southern  bases.  The  band  of  gypsum  first  referred  to  lay  on  the 
W.  side  of  the  Ik,  and  the  alluvium  of  the  valley  obscured  any 
succeeding  rocks.  Those  on  the  other  side  of  the  river  were  the 
grits  and  sandstones  of  the  Carboniferous  dipping  E.  towards  the 
mountains.  These  were  succeeded  by  the  grey  crystalline  Carbon- 
iferous Limestone  also  dipping  imiformly  in  the  same  direction. 
Here  then  the  Permian  and  Carboniferous  would  appear  to  be  un- 
conformable. Further  N.W.,  near  Voskresensk,  the  Carboniferous 
Limestone  dips  W.,  and  is  succeeded  by  overlying  sandstones  and 
coaly  flags  with  plant-remains  thinly  developed,  and  these,  which 
are  apparently  here  the  uppermost  members  of  that  formation,  are 
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conformably  overluin  by  Lower  Permian  sandstones  and  conglome- 
rates with  gypsum.  A  succession  of  marls  of  various  ooloars,  almost 
nnfossiliferous  limestones,  pebble*beds  and  sandstones  then  occupy 
the  country  till  the  Magnesian  Limestone  is  reached.  I  have 
repeatedly  searched  the  lower  limestones  for  fossils,  but  the  only 
traces  of  anything  are  obscure  tubular  branching  substances,  which 
I  could  not  with  certainty  identify  as  organic.  Besides  these,  were 
faint  markings  which  might  be  fucoidal.  From  the  grits  and  mud- 
Uke  shales  of  a  copper  mine  at  Darghina,  fifteen  miles  S.W.  of 
Yoskresensk,  I  obtained  several  species  of  Vnio  and  many  ferns. 
With  the  identification  of  these  I  have  only  proceeded  thus  far : — 

OdontopterU  Pertnienais  (Brongn.) 
CyatheitM  Sehlotheimi,  var.  lattfolitu  (Gdpp.) 
Callipterit  (Brongn.)  6p. 
JfeurapUris  talicijolia  ^Fischer). 
HeuropUrit  Uuuifolia  (Sternb.) 

The  conglomerate  of  the  Erasnaia  Gora,  W.  of  Voskresensk,  which 

reposes  on  the  compact  limestone,  contains  many  rolled  fragments 

of  the  fossiliferous  Carboniferous  Limestone,  which,  in  spite  of  the 

apparent  conformity,  would  suggest  a  Post-Carboniferous  movement 

taking  place  in  Lower  Permian  times. 

Near  Yoskresensk  some  of  the  conglomerates  are  cupriferous,  but 
the  pebbles  render  the  ore  intractable  in  the  furnaces.  The  ore 
averages  4  to  5  per  cent  fine  copper.  Experiments  are  being 
made  with  a  view  to  gain  the  copper  by  the  humid  process,  and 
have  proved  successful  when  conducted  on  a  laboratory  scale. 

These  lower  rocks  of  the  Permian  form  a  very  distinct  division 
of  the  formation,  and  are,  I  suppose,  the  equivalent  of  the  Rothlie- 
gende.     I  have  not  seen  any  vertebrate  remains  from  this  division. 

The  limestone  with  Zechstein  fossils  may  be  seen  in  the  countiy 
to  the  W.  of  the  Ufa  and  Orenburg  post  road,  but  is  most  fossili- 
ferous in  the  Grebeni  peaks  near  Orenburg.  It  forms  two  anticlinals 
near  Jemangoolova,  and  is  seen  all  through  this  part  of  the  countiy 
to  pass  under  the  upper  copper-bearing  sandstones.  The  superior 
contact  rock  is  generally  a  light-coloured  or  yellow  sandstone.  In 
the  Kargalinsk  district  the  limestone  has  a  persistent  character,  and 
gives  place  definitively  to  the  cupriferous  sands. 

The  mines  are  small,  but  very  numerous,  and  the  few  fossils  found 
in  this  upper  series  are  derived  from  the  ore  beds.  It  is  to  be 
regretted  that  many  specimens  are  scattered  all  over  the  world,  and 
are  lost  to  science.  I  know  an  instance  of  a  perfect  i*eptilian  jaw 
(I  suspect  of  the  rare  genus  Bhopalodon)  having  found  its  way  to 
England  in  the  possession  of  an  agent  at  these  mines,  and  on 
making  inquiries  I  learn  that  it  has  been  presented  to  a  relative  in 
Australia.  These  rocks  consist  of  alternating  sandstones  and  marls, 
with  much  irregular  bedding,  and  are  characterized  by  great  want 
of  constancy  even  in  limited  areas.  This  may  be  exemplified  by  the 
following  sections  of  four  mines  in  this  field  in  descending  order.* 

Ordinshj  Mine, — 1.  A  few  inches  of  black  earth.  2.  Eighteen 
feet  of  red  clay.  3.  Twenty  feet  of  red  sandstone  and  clay. 
^  The  sections  were  taken  by  a  resident  agent,  Count  dal  Verme. 
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4.  Seven  feet  of  grey  sandstone.  5.  Two  feet  of  grey  marl  and 
"white  sandstone,  with  poor  copper  ore.  6.  Two  feet  of  white  sand- 
stone with  cnpriferoas  beds.     7.  Red  marl. 

Troitsky  Mine, — 1.  Twenty-five  feet  red  clay.  2.  Forty  feet  of 
red  sandstone  and  marl.  3.  Six  feet  of  brown  sandstone.  4.  Eight 
feet  of  yellow  sandstone.  5.  Ore  bed  four  feet  6.  Yellow  and 
grey  sandstones. 

Vichy  Nikohky  Mine, — 1.  Twenty-five  feet  of  red  clay  and  marls. 
2.  Twelve  feet  of  grey  marl.  3.  Ore  bed  three  feet.  4.  Yellow 
sandstone  three  feet.     6.  Red  marl. 

Droojeloobny  Mine, — 1.  Twenty  feet  red  marl.  2.  Three  feet  of 
yellow  sandstone.  3.  Ore  bed  three  feet.  4.  Yellow  sandstone. 
6.  Red  clay  or  marl. 

All  over  this  area  there  are  no  repetitions  of  the  limestone.  The 
Government  of  Orenburg  afibrds  a  truly  typical  display  of  the 
Permian  rocks.  In  the  eastern  part  are  the  lower  limestones  and 
sandstones,  in  the  central  part  is  the  band  of  Zechstein  limestone, 
while  the  Kargalinsk  area  is  occupied  by  the  upper  series  of  sands 
and  marls. 

The  conglomerates  of  the  lower  division  are  more  powerful  than 
those  of  the  upper,  which  are  very  thin  and  local.  No  gypsum 
has  been  observed  in  the  Kargalinsk  series.  The  homogeneous 
limestones  so  prevalent  near  the  base  of  the  system  are  here 
absent  from  the  upper  beds.  The  copper  ore  is  more  irregularly 
distributed  in  the  lower  beds  than  in  the  Kargalinsk  steppe.  A 
combination  of  these  characters,  apart  from  stratigraphical  considera- 
tions, will  generally  enable  a  practised  local  observer  to  ascertain 
whether  he  is  on  Lower  or  Upper  Permian  ground,  though  of  course 
there  are  localities  which  may  fairly  puzzle  one.  I  should  therefore 
be  disposed  to  dissent  from  the  Rev.  A.  Irving's  view  that  the 
"  limestones  and  dolomites  of  the  Russian  series  are  repeated  over 
and  over  again  through  nearly  its  whole  range."  ^  In  the  Bielebee 
district,  in  addition  to  the  supra-Zech stein  marls  and  sandstones, 
intercalated  maris  to  a  small  extent  and  thin  developments  of  sand- 
stones occur  in  the  Zechstein  Limestone,  and  that  district  (though 
not  the  intercalated  marls)  having  yielded  to  Sir  R.  Murchison  most 
of  his  Permian  plants,  was  much  emphasized  by  him,  and  has  become 
a  kind  of  typical  ground  for  students  of  the  Russian  Permian,  while 
I  should  rather  insist  on  the  rocks  of  the  Orenburg  government 
being  taken  as  the  type.  The  Zechstein  Limestone  of  Bielebee  is 
below  the  marls,  sandstones,  and  grits  containing  bones  of  Saurians. 
That  some  data  are  needed  for  an  appreciation  of  the  correct  age  of 
the  Kargalinsk  cupriferous  beds  may  be  seen  from  the  uncertain  tone 
of  Ludwig's  treatise  on  the  Dyas  in  Russia.'  He  says,  "  It  is  not 
clear  from  Murchison's  description  whether  the  cupriferous  sand 
ores  of  Kargalinsk,  in  which  silicified  wood,  impressions  of  plants, 
Pnlceonisvus  and  bones  of  Saurians  have  been  found,  belong  to  tho 
Rothliegende  or  to  the  beds  which  at  Nijni  Troitsk  [Bielebee  dis- 

'  Geol.  Mao.  April,  1882,  p.  161. 
'  Geinitz,  Dyus,  vol.  i.  p.  300. 
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trict]  overlie  the  Upper  Zechstein."  He  comes  to  the  conclusion* 
that  the  upper  (fluviatile  or  lacustrine)  group  with  Uniones,  plants 
and  Saurian  bones,  must  for  the  present  be  placed  somewhere  between 
the  PalsBozoic  and  Mesozoic  rocks,  or  equivalent  to  the  Vogesen 
Sandstone  of  Subzbach  (Lower  Trias).  This  is  just  the  point  re- 
quiring settlement,  and  every  scrap  of  information  bearing  upon  it 
is  valuable. 

To  avoid  confusion  it  may  be  mentioned  that  the  present  govern- 
ment of  Ufa,  in  which  the  Bielebee  district  is  situate,  was  formerly 
part  of  the  government  of  Orenburg,  and  that  the  mines  of  Kargala 
or  Kargalinsk,  to  which  I  have  been  referring,  are  not  those  of 
Kargala  in  the  Bielebee  district 

M,  Moller  believes  that  certain  portions  of  the  Permian  field 
were  deposited  synchronously.  I  do  not  know  to  what  extent  he 
applies  this  theory ;  but  when  there  are  on  this,  parallel  such  plain 
evidences  of  superposition,  I  cannot  bring  myself  to  believe  that  the 
three  divisions  of  the  system  or  any  two  of  them  were  laid  down  at 
one  and  the  same  time. 

A  few  miles  S.E  of  the  village  of  Jemangoolova,  on  the  Orenburg- 
Ufa  post  road,  and  20  miles  east  of  the  Voskresensky  mines  office  on 
the  Kargalinsk  steppe,  is  the  hill  of  Saragul,  the  base  of  which  con- 
sists of  the  Upper  Permian  beds.  The  upper  part  of  the  hill  is 
composed  of  a  horizontal  or  nearly  horizontal  bed  of  Jurassic  sand- 
stone crowded  with  shells,  according  to  Murchison,  of  the  Oxfordian 
division,  but  in  the  opinion  of  Dr.  Trautschold,  who  is  par  excellence 
the  historian  of  the  Russian  Jura,  characteristic  of  a  superior 
horizon  in  the  system. 

In  a  subsequent  communication  I  hope  to  furnish  a  list  of  the 
MoUusca  found  in  this  patch  of  Mesozoic  rocks.  Von  Qualen  as- 
serted that  he  discovered  chalk  with  fossils  on  the  eastern  side  of 
this  hill,  but  Mr.  Kickard  and  I  have  more  than  once  made  a  fruit- 
less search  for  it.  The  nearest  Jurassic  strata  are  about  80  or  100 
miles  to  the  south,  and  the  position  of  this  isolated  cap  is  suggestive 
of  great  denudation  over  the  intervening  area,  which  is  occupied  by 
the  Permian  beds. 

Apart  from  points  of  local  or  special  interest,  the  whole  surface  of 
the  steppe  from  here  to  the  Volga,  with  its  comparatively  loose 
materials  arranged  in  more  or  less  horizontal  layers,  opens  up  some 
questions  of  general  imporUmce.  Is  it  possible  that  this  immense 
plain  was  raised  in  its  entirety  to  its  present  elevation  by  plutonio 
force?  Were  the  organic  remains  now  found  in  the  beds  of  copper 
ore  restricted  to  those  sinuous  channels,  which  may  mark  the  courses 
of  streams  which  during  various  changes  of  level  flowed  through  land 
surfaces  ?  Or  were  they  originally  scattered  also  through  the  red 
rocks  which  are  now  destitute  of  them  ?  Mr.  Eickard  has  not^d  that 
the  latter  rocks  lose  their  colour  and  much  of  their  iron  when  in  cou- 
tiict  with  the  ore  beds.  The  theory  which  will  explain  the  forma- 
tion of  the  copper  ore  and  the  preservation  of  the  organic  remains  in 
it  will  have  also  to  account  for  the  sterility  of  the  red  sands. 

1  Op  eit,  p.  304. 
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Y. —  Further  Heuarks  on  the  Origin  of  the  Loess. 

By  Sbarles  V.  Wood,  F.G.8, 

IN  a  previous  communication  to  this  Magazine  I  suggested  that 
the  Loess  originated  from  the  thawing  and  refrigeration,  during 
the  major  and  minor  glaciations,  of  the  upper  layer  of  the  soil, 
which,  where  it  was  unprotected  hy  land  ice,  was  permanently 
frozen  to  a  great  depth ;  such  layer  having  a  sliding  motion  which 
caused  the  material  to  accumulate  in  the  hollows,  and  so  expose 
continually  to  this  action  over  the  rest  of  the  surface,  fresh  suhsoil 
which  had  been  previously  permanently  frozen.  I  now  supplement 
this  by  a  particular  examination  of  the  way  in  which  such  process 
appears  to  me  to  have  acted  in  originating  that  part  of  the  Loess 
which  is  represented  by  the  "  Limon,"  or  brickearth,  of  Picardy. 

With  this  <'  limon  "  I  have  no  personal  acquaintance,  but  it  has 
been  made  the  subject  of  a  very  careful  and  minute  description  by 
M.  de  Mercey,  in  the  "  Bulletin  Mensuel "  of  the  Linnean  Society 
of  the  North  of  France,  for  the  years  1874-5 ;  and  from  such 
description  the  facts  detailed  below  are  exclusively  derived. 

M.  de  Mercey  first  glances  at  the  different  views  taken  by  geolo- 
gists as  to  this  formation,  viz.,  that  of  M.  Elie  de  Beaumont,  who 
referred  the  part  of  it  which  occupies  the  plateaux,  to  the  "  Ancient 
alluvia  of  Bresse,  of  the  Pliocene  formation,"  and  the  part  which 
occupies  the  valley  slopes  to  the  "  modem  superficial  deposits ; " 
that  of  M.  D'Arohiac,  who  regarded  the  limon  on  the  plateaux  and 
on  the  valley  slopes  as  '*  one  and  the  same  deposit.,  termed  by  him 
ancient  alluvium  posterior  to  the  rolled  flints  with  Elephas  primi- 
genius,  and  forming  the  last  term  of  the  Quaternary  series ; "  and 
that  of  Mr.  Prestwich,  who  regarded  "  the  limon  of  the  slopes  as 
due  to  successive  inundations  at  the  different  levels  of  the  gravels, 
and  its  age,  like  that  of  the  gravels,  proportionately  more  recent  as 
its  level  was  lower,  and,  with  the  gravel  it  covered,  as  being  con- 
nected with  the  excavation  of  the  valleys,  but  distinct  from  the 
limon  on  the  plateaux,  the  reconstruction  of  which  had  furnished 
part  of  the  material  for  that  on  the  slopes,  and  the  formation  of 
which  dated  back  to  the  Pliocene  epoch." 

He  then  describes  minutely  the  character  and  description  of  this 
limon,  insisting  himself  that  it  is  all  of  one  mode  of  formation,  and 
of  one  period,  viz.,  **  the  last  term  of  the  Quaternary  series,"  (what- 
ever that  may  mean,)  "covering  the  ancient  alluvia"  (i.e.  the  gravels 
of  the  yorame  valley,)  "and  all  other  deposits  except  the  modern." 
He  adds  that  though  of  small  thickness  on  the  valley  slopes,  and  low 
elevations,  it  is  sometimes  upwards  of  ten  mi^tres  thick  on  the  higher 
parts  of  the  plateaux,  that  it  is  yellowish  in  colour,  and  "  hiefenx  " 
with  flint  fragments  towards  its  base.    Everywhere  it  is  unstratified. 

The  chief  fact  which  strikes  us,  he  says,  is  the  particular  breaking 
up  of  materials  derived  from  the  formation  on  which  the  limon  rests, 
and  their  dissemination  in  its  base.  This  subjacent  formation  in  the 
neighbourhood  of  Amiens  is  the  chalk  with  flints,  and  angular  frag- 
ments (*'  Eclats  ")  of  these  flints  are  scattered  through  the  limon  which 
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occupies  the  slopes,  and  is  termed  "  limon  biefeax."  Near  Amiens, 
he  says,  the  limon  which  covers  the  valley  slopes  is  generally  much 
thinner  than  that  at  the  foot  of  the  slopes,  or  on  the  plateaux,  and 
the  pits  on  the  latter  *'  always  encounter  beneath  several  metres  of 
purer  limon,  the  limon  biefeux  with  flint  fragments  covering  either 
the  bief  h  silex  or  the  chalk.  Upon  the  slopes  of  the  hills,  or  at 
their  feet,  the  brickpit  sections  always  show  this  biefeux  bed  with 
6clats  of  flint  in  contact  with  the  chdk,  or  with  the  gravels  under- 
lying the  limon."  This  ''  biefeuse  "  base  of  the  limon,  he  adds, 
**  ravines  "  more  or  less  deeply  the  subjacent  deposits. 

Next  he  observes  that  the  limon  biefeux  contains  along  with  the 
flint  fragments  some  entire  flints  derived  from  the  formation  on 
which  it  reposes,  which  if  extracted  with  care  are  found  to  be  split 
in  all  directions,  but  have  their  fragments  held  together  by  a  feeble 
cement  of  the  limon ;  the  surfaces  of  these  fragments  thus  held  being 
whitened,  and  rendered  porous  and  opaque.  This,  he  says,  oooors 
equally  whether  the  flints  are  obtained  from  the  base  of  the  limon, 
where  this  occupies  the  surface,  or  from  beneath  a  thickness  of  several 
metres  of  the  limon,  where  they  are  protected  by  it  from  all  present 
influence  of  atmospheric  conditions;  and  having  submitted  to  an 
artificial  refrigeration,  equal  to  the  greatest  cold  of  our  present 
winters,  flints  steeped  for  some  time  in  water  without  producing  by 
it  any  change  in  their  condition,  he  infers  that  recourse  must  be  had 
to  the  rigour  of  polar  winters  and  to  ''  a  glacial  pressure  "  to  explain 
their  splintering. 

M.  de  Mercey  then  describes  the  materials  into  which  specimens 
of  this  limon  when  dissolved  in  water,  thoroughly  shaken,  and 
allowed  to  precipitate,  became  resolved  when  examined  under  the 
microscope.  This  examination  showed  the  limon  to  be  nearly  all 
made  up  of  **  grains  of  qiiartzose  sand  reduced  to  an  impalpable 
tenuity."  The  first  precipitation  from  the  solution  (and  which  was 
almost  immediate),  represented  about  -i^oths  of  the  limon  assayed; 
and  was  composed  of  transparent  grains  of  quartz  of  the  average 
dimension  of  aVth  of  a  millimetre,  with  which  were  associated  some 
otlier  grains  appearing  to  belong  to  different  substances,  and  notably 
to  oxide  and  sulphate  of  iron.  The  next  precipitation  from  the 
solution  represented  about  another  iVths  of  the  limon  assayed ;  and 
was  composed  of  grains  of  quartz,  mostly  transparent,  averaging  about 
-s^.rth  of  a  millimetre ;  while  the  remaining  iVth,  which  remained  a 
long  time  in  suspension,  was  composed  of  grains  of  quartz  averaging 
TtVoth  of  a  millimetre.  This  showed  that  the  limon  was  composed 
almost  entirely  of  silex,  a  feeble  proportion  only  of  other  substances, 
alumina,  lime,  oxide  of  iron,  etc.,  being  present;  and  led  M.  de 
Mercey  to  the  conclusion  that  it  originated  in  an  impalpable  powder- 
ing (levijration)  of  the  flints,  and  resulted  from  a  reconstruction  of 
the  "  bief  a  silex,"  which  at  the  time  of  the  formation  of  the  limon 
constituted  the  superficial  soil  of  nearly  all  the  region,  except  that 
occupied  by  the  ancient  alluvia,  or  by  the  chalk  exposed  in  the 
excavation  of  the  valleys.  A  washing  of  this  red  "  bief  "  showed 
him  that  though  inappropriately  called  clay,  it,  like  the  limon,  ifl 
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composed  essentially  of  quartz  grains,  with  a  proportion  of  peroxide 
of  iron  enveloping  these,  and  giving  colour  to  the  mass,  such  grains 
being  of  dimensions  similar  to  those  found  to  make  up  the  limon, 
but  associated  with  a  preponderating  number  of  larger  grains. 

From  this  investigation  M.  de  Mercey  comes  to  the  conclusion  that 
the  limon,  thus  originating  from  the  levigation  of  the  flint,  had 
flowed  as  mud  from  a  sheet  of  land-ice  similar  to  that  of  Greenland, 
which  moved  over  Picardy ;  and  therefore  he  designates  it  "  Limon 
glaeiaire  ;  "  but  herein  in  my  opinion  lies  his  error,  for  we  know  by 
the  Chalky  clay  what  the  morainic  mud  was  which  resulted  from 
land-ice  moving  over  a  chalk  country.  This,  where  the  Jurassic 
clays  as  well  as  the  chalk  contribute<l  to  its  constitution,  is  clay  more 
or  less  full  of  rolled  chalk,  and  of  flints  (besides  stones  from  the  old 
conglomerates,)  which  are  large  and  subangnlar,  the  splinters  or 
angular  fragments  (eclats)  abounding  in  the  Picardy  limon,  and  in 
the  formation  which  corresponds  to  it  in  the  South  and  South-east 
of  England,  being  altogether  absent ;  and  where,  as  on  the  flank  of 
the  Lincolnshire  Wold,  the  chalk  alone  has,  save  to  a  slight  extent, 
furnished  the  material,  it  is  so  made  up  of  the  chalk  itself,  recon- 
structed, as  to  be  quite  white,  and  burnt  for  lime;  whereas  this 
Picardy  limon  is,  according  to  M.  de  Mercey,  nearly  destitute  of  lime, 
and  formed  entirely  of  flint  from  the  chalk  beneath  it,  disintegrated. 

The  true  origin  of  the  limon  thus  described  seems  to  me  to 
receive  its  explanation  in  the  process  refeiTed  to  in  my  previous 
communication,  viz.  the  annual  thawing  and  refreezing  of  the  upper 
layer  of  the  permanently  frozen  land  surface,  which  everywhere, 
save  beneath  the  land- ice,  was  subjected  to  the  intense  cold  of  an 
arctic  winter.  We  lack,  it  is  true,  what  would  be  important  towards 
a  complete  demonstration,  experimental  evidence  of  the  effect  on 
flint  of  cold  like  that  of  a  Siberian  winter — say  from  40°  to  70° 
below  zero  of  Fahr.,  but  it  is  evident  that  some  cause  not  now  in 
operation  here  has  ruptured,  in  the  way  described,  the  flint  of  the 
Picardy  limon,  and  the  flint  of  which  angular  fragments  are  dis- 
tributed through  the  corresponding  formation  of  the  south  and 
south-east  of  England,  as  well  as  the  angular  fragments  of  stone 
distributed  through  this  in  parts,  such  as  Lincolnshire,  where  it  rests 
on  limestone.  M.  de  Mercey  assigns  the  bief  d  silex  as  the  source  of 
all  the  siliceous  grains  and  flint  eclats  of  which  the  limon  is  made 
up,  but  though,  from  atmospheric  agency  during  the  terrestrial 
interval  anterior  to  the  major  glaciation,  the  land  surface  that 
remained  above  the  line  of  the  submergence  which  accompanied  this 
glaciation  in  Picardy  had  probably  become  covered  with  flints,  and 
from  similar  agency  during  the  interval  between  the  major  and 
minor  glaciations  (where,  save  to  the  extent  that  tiie  sea  reached  up 
the  valleys  there,  Picardy  was  all  land,  and  the  Cijrena  gravel  of 
the  Somme  overlain  by  this  limon  accumulated),  the  surface  of  the 
lower  elevations,  which  had  been  denuded  of  the  gravel  of  the  great 
submergence  by  the  waves  during  the  rise  from  this  submergence, 
and  so  become  bare  chalk,  may  have  to  some  extent  become  covered 
with  flints,  yet  I  consider  the  red  bief  a  silex,  the  brown  limon 
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biefieux,  and  the  yellow  purer  limon  as  all  one  in  their  mode  of 
origin,  and  the  process  giving  rise  to  them  to  have  been  thas,  viz. : 
)i^  The  subsoil  having  become  permanently  frozen  to  a  considerable 
depth,  and  all  vertical  percolation  thus  arrested,  the  annaal  alterna- 
tion of  frost  and  thaw  in  the  upper  layer  of  this  shattered  the  flints 
there,  and  so  produced  the  angular  fragments  of  flint  (eclats)  and 
grains  of  silex,  of  which  the  '*bief  &  silex"  is  made  up.  Upon 
this  material,  as  well  as  upon  the  chalk  with  flints  beneath  (as, 
by  the  sliding  of  the  material,  it  became  exposed  to  the  alterna- 
tion of  thaw  and  frost),  and  upon  the  resulting  limon  as  well*  the 
shattering  agency  continued  to  operate ;  and  by  this  the  flint  became 
eventually  reduced  to  the  state  of  fragments,  varying  from  the 
"eclats"  to  the  minutest  grains,  of  which  the  limon  is  made  up. 
Having  only  the  two  or  three  feet  of  thawing  surface  layer  to 
saturate,  the  water  resulting  from  the  thawing  of  the  snow  and  the 
rain  during  summer  took  up  by  degrees  all  the  chalk  in  this  layer, 
and  filtering  through  the  mass  of  silex  grains  and  Eclats  escaped 
with  it,  spring- wise,  along  the  surface  of  the  permanently  frozen 
ground  beneath  ('*ravining"  this  surface  as  it  did  bo);  so  that 
the  calcareous  pai*t  of  the  parent  soil,  the  chalk,  was  removed, 
and  the  siliceous  part  left;  while  the  slide  of  this  surface  layer 
during  a  long  [>eriod  caused  the  resulting  material  to  accumulate 
thickly  in  places  favourable  to  such  accumulation. 

Thus,  it  seems  to  me,  the  lower  portion  of  the  limon,  which  was 
formed  when  the  chalk  itself  was  the  main  source,  should,  as  M.  do 
Mercey  says  it  does,  contain  the  larger  fragments  most  abundantly, 
and  have  at  its  base  a  material,  the  **  bief  k  silex,"  formed  princi- 
pally of  the  coarser  grains,  and  inclosing  flints  shattered  into  eclats, 
but  held  together  by  the  limon  in  the  form  of  an  entire  flint ;  while, 
where  the  accumulation  is  thick,  the  upper  portion  of  it  should  be, 
as  he  says  it  is,  more  free  from  eclats  by  reason  of  the  surface  from 
w^liich  this  slid,  and  on  which  the  process  was  now  operating, 
having  become  to  a  great  extent  limon  instead  of  chalk. 

Where,  as  upon  the  higher  (t.e.  the  t/nsubmerged)  parts  of  the 
plateaux,  this  process  went  on  during  the  long  duration  of  the 
major  glaciation,  and  was  renewed  during  the  (probably  much 
shorter)  duration  of  the  minor,  there  has  thus  accumulate,  ac- 
cording to  M.  de  Mercey,  limon  wholly  made  up  of  disintegrated 
flint,  which  in  places  is  30  feet  and  more  in  thickness.  The  valleys 
having  been  below  the  sea  during  the  major  glaciation,  the  limon 
upon,  and  at  the  foot  of  their  slopes  is  that  of  the  minor  glaciation 
only,  which  occurred  when  England,  having  for  the  most  part 
recovered  from  the  great  submergence  of  the  major  glaciation,  and 
again  undergone  the  small  depression  and  limited  submergence 
which  accompanied  the  Cyrena  formation,  was  recovering  from  this 
also,  and  become  nearly  all  land.  It  is  therefore  thin  on  these 
slopes,  and  over  the  Cyrena  gravel  of  the  Somme  Valley,  which 
occupies  those  slopes ;  though  in  hollows  at  their  feet,  and  in  the 
cavity  afforded  by  the  sea  cliff  of  this  time,  which  is  exposed  at 
Sangatte,  it  has  accumulated  more  thickly. 
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low  far  the  "  clay  with  flints,"  which  covers  and  conceals  large 
SIS  of  chalk  in  the  southern  half  of  England,  corresponds  in  its 
leral  constituents,  and  the  arrangement  of  these,  with  the  Picardy 
on,  I  am  unable  to  say,  being  now  physically  unable  to  examine 
but  in  the  memoir  of  the  Geological  Survey  for  Sheet  13  it  is 
:ed  to  be  met  with  only  on  the  Upper  Chalk,  i.e.  the  chalk  with 
ts ;    and  it  is  this  clay  formation  which,  judging  from  the  notes 
graved  on  the  Survey  Maps,  wraps  all  those  higher  chalk  elevations, 
'ond  the  limit  to  which  the  land  ice  reached,  that  from  their 
istitnting  areas  higher  than  the  line  up  to  which  the  submergence 
the  major  glaciation  is  shown  by  the  evidence  of  gravel  beds  to 
re   extended,  or  elevations  so  little   below  this  line  that  they 
ame  land  before  that  glaciation  passed  away,  that  1  have  referred 
^he  action  in  question  during  the  major  glaciation. 
rhe  material  which  in  England  has,  in  my  view,  originated  from 
3  action  during  the  minor  glaciation  only,  is  in  the  south-east  of 
gland  represented  by  brick-earth,  which,  in  the  neighbourhood 
the  Upper  Chalk,  is,  like  the  Picardy  limon,  full  of  angular 
^ents  of  flint.     This,  travelling  from  the  chalk  of  the  South 
wrns,  has  "  ravined "  *  and  overspread   the   shingly  sands  with 
rine  mollusca  (all  of  living  British  species),  occupying  the  area 
ween   those   Downs   and  the   British   Channel — sands  which   I 
ard  as  coeval  with  the  Cyrena  formation  of  the  Thames  Valley, 
ich,  in  the  parts  of  it  (such  as  the  London  Road  pit  at  11  ford) 
t  were  above  the  river  level  of  the  time,  is  overlain  by  the 
responding  atmospheric  material  of  this  glaciation,   but  in  the 
ts  of  it  that  were  below  this  level  is  covered  with  the  river 
vel  of  the  same  glaciation,  as  at  the  Uphall  Field,  Ilford. 
n  other  places,  such  as  the  limestone  districts  of  South  Lincoln- 
re,  which  were  buried  under  the  land  ice  of  the  major  glaciation, 
I  the  medium  and  lower  elevations  of  the  south-west  of  England, 
ich,  covered  by  the  great  submergence,  but  not  reached  by  the  land 
of  the  major  glaciation,  did  not  become  land  until  that  glaciation 
[  passed  away,  the  material  thus  originating  during  the  minor  is 

loam  with  angular  fragments  which  caps  the  Lincolnshire  lime- 
le,  the  loam  with  Mammalian  remains  which  wraps  the  Jurassic 
8  of  Wilts  and  Somerset,  and  the  intrusive  cave-earth  genemlly 
ihe  South-west  of  England.  These  forms  of  it  vary  according  to 
character  of  the  parent  formation  upon  which  the  process  has 
rated ;  and  it  is  the  same  material  which,  under  one  or  other  of 
!ie  guises,  buries  the  clififs  that  skirted  the  British  Channel  coast 
he  time  of  the  incidence  of  the  minor  glaciation,  and  of  which 
ions  have  occurred  at  Brighton,  Isle  of  Wight  Foreland,  Portland, 

Sili  Bay,  Glamorganshire, 
n  the  North  of  England,  as  far  as  the  land  ice  supplied  moraine, 

formation  contemporaneous  with  this   material  of  the   minor 

This  brick-earth  with  angular  fragments  of  flint  is  shown  by  Prof.  Prestwich 
.G.S.  vol.  XV.  p.  216)  to  overlie  and  *'  ravine  **  these  sands  in  the  sections  of  them 
h  he  gives  from  Avisford,  just  as  M.  de  Mercey  describes  the  base  of  the  limon 
ravine*'  the  subjacent  deposits  in  Picardy. 
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glaciation  is  the  Hcssle  Clay  of  the  north-east,  and  the  Upper  Clay 
of  the  north-west ;  the  former  being  wholly  of  terrestrial,  bat  the 
latter  at  its  lower  elevations  of  submarine  accumulation,  and  at  its 
higher  of  terrestrial. 

The  interesting  deposit  described  by  Professor  Prestwich  in  the 
Quart.  Joum.  of  the  Qeol.  Soc.  for  May,  1882,  as  occupying  hollows  in 
the  Lower  Chalk  plain  near  Chilton,  is,  though  derived  from  the  higher 
plain  of  Upper  Chalk  near  by  (and  which,  according  to  the  Survey 
Map,  is  covered  with  the  "clay  with  flints"),  I  think  so  far  posterior, 
that  it  originated  from  the  flooding  of  the  latid  by  excessive  precipi- 
tation as  the  minor  glaciation  passed  away,  which,  in  the  concluding 
part  of  my  memoir  **  On  the  Newer  Pliocene  Period  in  England," 
I  have  assigned  as  the  cause  of  the  thin  bed  of  flattened  fragraents 
of  stone  which,  in  South  Lincolnshire,  not  only  caps  the  loam  with 
angular  fragments  that  originated  in  the  process  of  annual  thaw  and 
re  freezing,  but  spreads  also  over  gravel  and  sand  not  overlain  by 
that  loam  ;  for  though  this  Chilton  accumulation  contains,  according 
to  Professor  Prestwich,  angular  flint  fragments  abundantly,  there 
also  enters  into  its  composition  much  reconstructed  chalk,  as  well 
as  a  bed  of  laminated  clay  intercalated  in  a  roughly  stratified  portion 
of  the  deposit 

Whatever  may  be  the  case  with  the  Loess  in  China,  it  is  clear 
that  the  material  here  discussed  by  me  has  not  originated  from  dust 
clouds ;  for  the  dust  of  a  chalk  country  could  hardly  give  rise  to 
a  material  in  which,  according  to  M.  de  Meroey,  there  is  no  appreci- 
able quantity  of  lime,  or  the  wind  rupture  the  flints,  and  scatter 
their  fragments  through  the  mass  in  the  way  described.  And  in 
reference  to  the  dust  theory  generally,  one  is  tempted  to  ask  why. 
if  dust  gives  rise,  as  is  asserted,  to  a  vast  formation  extending  over 
immense  areas,  and  accumulating  in  places  to  the  thickness  of  1500 
feet,  in  which  are  preserved  the  skeletons  of  the  animals  dying  on 
the  land,  those  regions  which  have  been  land  from  a  remote  geo- 
logical age  do  not  present  us  with  beds  of  this  kind,  containing  tlie 
remains  of  these  animals  which  have  lived  during  the  long  interval 
between  that  age  and  the  present,  and  thus  perfect  that  Palroonto- 
logical  record  which  as  yet  is  so  imperfect  ? 


VI. — Traces  op  a  Great  Post-Glacial  Fix)ud. 

3.  The  Evidence  of  the  Valley  Terraces. 

By  II.  H.  IIowoiiTii,  F.S.A. 

(Coniiniud  from  p.  311.) 

WE  must  now  turn  to  the  theories  which  make  these  terraces  to 
be  deposited  by  the  rivers  when  so  charged  with  water  that  the 
whole  valleys,  from  their  solid  foundations  up  to  a  height  of  at  least 
80  feet,  were  filled  with  water.  These  theories  postulate  no  gigantic 
denudations  extending  over  limitless  ages,  but  accept  the  valley 
terraces  as  fluviatile  deposits  left  along  their  own  banks  by  the 
rivers  when,  by  means  of  exceptional  causes,  they  were,  at  one 
time,  so  flooded,  that  they  actually  reached  the  upper  level  terraces 
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which  in  fact  represent  their  old  banks  when  so  flooded.  Two 
causes  for  such  abnormal  floods  have  been  assigned.  Mr.  T^'lor 
postulates  a  Pluvial  period,  characterized  by  roost  exceptional  rainfall ; 
while  Mr.  Belt  urges  that  these  floods  were  caused  by  the  pounding 
back  of  the  European  rivers,  and  the  consequent  formation  of  a 
European  lake  by  a  great  Atlantic  glacier. 

Both  these  theories,  like  those  which  have  been  already  examined, 
in  claiming  the  rivers  or  a  lake,  either  in  their  normal  or  abnormal 
conditions,  as  the  depositors  of  the  terraces,  fail  to  meet  the 
supreme  difficulty  we  have  pointed  out  before,  that  the  deposits 
are  not  fluviatile  or  lacustrine  at  all.  Their  contents  prove  them 
to  be  other  than  river  or  lake  deposits,  either  of  normal  rivers  or 
lakes,  or  rivers  or  lakes  expanded  by  abnormal  floods.  There  is 
another  reason  equally  potent  If  these  deposits  were  the  result  of 
successive  river  floods,  or  of  river  floods  distributed  over  a  long 
period,  we  should  assuredly  have  the  deposits  arranged  in  layers, 
marking  the  secular  variations  of  the  water,  such  as  we  find  iu  all 
jiver-warp  and  similar  deposits.  Here,  however,  we  have  no  such 
facts,  but  the  gravels,  sands,  and  loam  are  deposited  according  to  the 
laws  of  gravity,  as  they  would  be  deposited  by  one  supreme  effort. 

That  the  gravels  were  deposited  where  they  are  now  found  by 
water,  and  water  in  rapid  motion,  is  inevitable ;  that  this  water  must 
have  filled  up  the  valleys  at  least  to  the  height  of  the  upper  layer  of 
gravel  is  equally  inevitable ;  but  that  this  water  should  have  been 
merely  the  present  rivers,  swollen  by  abnormal  rainfall,  seems 
assuredly  incredible.  With  the  present  water-shed  and  drainage  we 
cannot  conceive  such  floods,  caused  merely  by  rains,  without  postu- 
lating a  quite  transcendental  meteorology. 

Mr.  Tylor  does  not  in  fact  argue  that  such  a  rainfall  as  he  requires 
is  possible  with  the  climatic  conditions  now  in  vogue,  but  he  boldly 
accepts  the  position  that  climatic  conditions  were  at  that  time  entirely 
different.  He  attributes  the  enormous  rainfall  of  his  Pluvial  period 
to  **the  sun's  influence,  which  induced  a  much  greater  amount  of 
sunshine  in  summer  and  a  con-esponding diminution  in  winter;"  but 
where  have  we  any  warrant  for  such  an  hypothesis  ?  In  regard  to 
the  meteorological  conditions  of  the  climate  when  the  gravels  and 
river  terraces  were  laid  down,  we  have  the  best  of  all  barometers 
ready  to  our  hands  in  the  abundant  remains  of  plants  and  animals, 
which  not  only  mark  the  mean  temperature,  but  limit  also  the 
extremes ;  and  this  barometer,  with  manifold  readings  all  concurring 
in  one  conclusion,  is  surely  conclusive  that  the  climatic  conditions  of 
this  period  were  such  as  prevail  now  in  our  temperate  latitudes,  and 
quite  inconsistent  with  those  required  by  the  hypothesis  of  Mr. 
Tylor,  and  which  are  necessary  if  we  are  to  secure  such  an  abnormal 
rainfall  as  300  inches  annually  in  England. 

A  fall  of  rain  in  temperate  latitudes  on  this  gigantic  scale  is 
assuredly  a  contingency  verging  on  the  impossible,  and  especially 
when  we  are  told  that  such  a  rainfall  was  not  a  mere  exceptional 
feature,  but  characterized  a  whole  geological  period,  to  which  Mr. 
Tylor  has  given  the  name  of  the  Pluvial  period. 
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Mr.  Tylor  points  to  the  tremendouR  rainfall  that  occasionally 
occurs  in  the  plains  of  Scinde,  to  which  might  be  added  Brazil, 
Central  America,  etc.,  etc.  All  this  is  perfectly  true,  but  in  all 
these  cases  the  meteorological  conditions  are  entirely  different  To 
import  "  the  Rainy  Season  "  or  the  torrential  rains  of  the  Tropics 
into  our  temperate  climate,  and  into  our  part  of  the  earth's  surface, 
is  a  postulate  which  demands  certainly  very  rigid  proof.  That 
the  warm  winds  heavily  charged  with  moisture  moving  westward 
from  the  Mid- Atlantic  should  be  stopped  by  the  high  barriers  of 
the  Andes,  and  the  similar  warm  winds  from  the  Indian  Ocean 
should  be  similarly  stopped  by  the  Himalayas,  and  in  either  case 
should  be  forced  to  discharge  their  contents  in  vast  sheets  of  rain 
upon  the  intervening  plains,  is  not  only  natural  but  is  a  necessary 
conclusion.  There  are  no  such  conditions  available  here.  We 
cannot  suppose  that  the  North  Atlantic  was  ever  the  nursery 
of  such  heavily  charged  warm  winds  as  the  Mid-Atlantic,  nor 
have  we  impassable  mountain  barriers  in  Europe  to  force  these 
winds  to  discharge  their  contents  in  any  way  comparable  to  the 
rains  of  the  Tropics.  But  even  if  we  granted  the  conditions  of  the 
tropics  as  possible,  we  are  still  very  far  from  having  secured  a 
sufficient  amount  of  water  to  fill  up  the  river  valleys  of  Western 
Europe,  in  some  cases  to  the  brim,  and  in  most  to  a  height  of 
several  hundred  feet.  Mr.  Prestwich  states  the  conditions  with 
his  usual  force.  **  The  greatest  flood  of  the  Seine  on  record,"  he 
says,  "  is  that  of  the  year  1658,  when  it  rose  to  a  height  of  29  feet 
Even  in  this  case  a  flood  of  nearly  sixty  times  that  magnitude 
would  be  required  merely  to  fill  the  valley  to  the  level  of  the 
high-level  gravels,  without  taking  into  consideration  the  more  rapid 
discharge ;  but  neither  in  this  nor  in  the  other  cases  of  modem  times 
are  we  aware  of  an  increase  in  the  volume  of  water  during  floods 
in  these  regions  to  many  times  the  ordinary  mean  average,  whereas 
we  see  that  in  a  case  such  as  is  presented  at  Amiens  a  flood 
having  a  volume  five  hundred  times  that  mean  would  be  required 
to  reach  the  beds  of  St  Acheul "  (Philosophical  Transactions,  1864, 
p.  266).  But,  granting  that  the  meteorological  conditions  are 
admissible,  which  we  altogether  question,  we  have  still  greater 
difficulties  behind.  Mr.  Tylor  urges  repeatedly,  and  it  is  in  fact 
the  burden  of  his  argument,  that  the  enormous  rainfall  he  postulates 
(many  times  greater  than  that  prevailing  now)  would  greatly 
increase  the  velocity  of  the  streams  and  rivers,  and  thus  explain 
the  great  erosions  which,  he  contends,  are  witnessed  by  the  deposits 
in  dispute.  "  Ancient  rivers,"  he  says,  "may  have  had  many  hundred 
times  as  much  destructive  effect  on  the  surface  of  the  eaiih.  for 
erosive  force  increases  in  the  fourth  power  of  the  velocity,  and  may 
have  eroded  the  surface  of  the  earth  as  much  in  former  times  in 
one  year  as  they  now  do  in  1000,  in  cases  where  rocks  were 
made  to  slide  on  clay  by  excessive  supply  of  percolated  water*' 
(Geol.  Mag.  1875,  Decade  II.  Vol.  II.  p.  459).  In  all  this  we 
seem  to  be  on  the  track  of  most  misleading  analogies,  and  to  be 
led  away  by  a  postulate  which  Mr.  Tylor  quotes  more  than  once, 
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namely,  that  the  water  in  a  river  has  a  uniform  motion.  This  is 
true  in  one  sense,  but  it  is  very  misleading  in  another.  The  most 
elementary  knowledge  of  a  fast  river  obtained  in  trying  to  force 
a  boat  against  the  stream  is  enough  to  show  that,  if  we  take  a 
vertical  section  of  it,  at  any  given  point,  the  water  in  all  parts 
of  that  section  is  not  flowing  with  uniform  velocity.  The  current 
is  very  rapid  in  the  middle  of  the  river,  but  dies  away  as  we  near 
the  banks,  and  in  many  cases  is  barely  perceptible  there.  The  drag 
of  the  banks  is  proverbial,  and  greatly  assists  navigation  up  stream ; 
but  the  drag  of  the  bank  is  really  the  drag  of  the  river  bed,  and,  as 
a  matter  of  fact,  a  swift  river  is  a  swift  current  flowing  through  a 
cushion  of  water  moving  much  more  slowly.  This  is  a  well-accepted 
fact  in  hydrostatics,  and  has  been  confirmed  by  numerous  careful 
.  experiments.  In  the  case  of  deep  rivers  the  cushion  probably  moves 
hardly  at  all,  just  as  the  Gulf  Stream  is  a  more  or  less  rapid  current 
of  warm  water  flowing  in  a  cushion  of  much  colder  and  much  more 
quiescent  water.  It  is  this  property  of  rivers  which  in  my  view  pro- 
bably explains  how  in  the  case  of  the  Neva,  the  Volga  and  other  rivers 
the  freezing  takes  place  first  at  the  bottom,  whence  detached  plates 
.  of  ice  rise  to  the  surface  and  get  united  together,  forming  a  natural 
bridge  over  a  rapidly  flowing  current  The  water  in  rapid  motion 
would  probably  never  freeze,  if  that  which  is  much  more  quiescent 
near  the  bottom,  which,  therefore,  freezes  much  more  slowly,  did 
not  furnish  it  with  a  constant  stream  of  materials  for  making  itself 
an  ice  bridge.  This  has  probably  been  suggested  before,  although 
I  do  not  remember  to  have  seen  it  It  is  only  mentioned  here  by 
the  way.  The  real  burden  of  my  argument  is  that  we  must  not 
suppose  that,  because  a  river  is  flowing  with  a  full  current  in 
mid-stream,  therefore  it  is  denuding  its  banks  and  channel  in  a 
corresponding  fashion.  It  would  seem  that  large  rivers  do  hardly 
any  work  in  denuding  the  land,  except  in  their  head  streams.  It 
is  in  these  that  the  work  of  grinding  down  and  of  denudation 
takes  place,  and  the  main  stream  does  little  more  than  bear  along 
the  mud.  etc.,  in  suspension  which  has  been  poured  into  it  by  its 
tributaries.  All  the  great  rivers  known  to  me  are,  as  regards  their 
main  channel,  conservative  and  recuperative,  and  not  destructive. 

While  such  a  rainfall  as  we  have  been  discussing  would  not  in 
my  view  increase  the  denuding  powers  of  the  rivers,  it  ought 
undoubtedly  to  have  had  a  very  potent  effect  in  scouring  the  general 
surface  of  the  land.  It  would  assuredly  have  washed  the  high 
plateaux  clean  of  their  mantle  of  fine  loam,  and  would  have  swept 
it  away  into  the  rivers,  and  thence  into  the  North  Sea.  It  might 
have  left  the  larger  blocks  of  stone  there,  but  the  fine  loam  would 
certainly  have  gone;  but  this  is  just  the  reverse  of  what  we  in  fact 
find.  As  a  matter  of  fact,  the  heavy  debris  is  all  in  the  valleys, 
while  the  uplands  are  mantled  and  covered  with  fine  loam.  Again, 
such  a  rainfall  would  no  doubt  have  carved  enormous  ravines  and 
rents  in  the  contour  of  the  valleys  at  rapid  intervals,  when  the 
immense  mass  of  water  falling  on  the  plateaux  made  itself  dis- 
charging channels  into  the  main  river,  thus  breaking  the  continuitY 
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ni't  r,iily  of  the  e'^ljil  skeleton  of  the  Talley,  but  ereo 
t(;rr!ic"8.  No  sncli  stories  of  ravitn-x  aihI  brefiki  in  i 
fni'tlifjininK  Luwever;  liut  ilit  lalter  nin  coritinunu 
flHwks  of  the  vall^'j-s.     A^nin.  how  coiilJ  the  lateril 

Iiritn;i|i:il  valleys  lie  char;ie>l  with  these  deposits  v\t 
leails,  AS  we  actunllj'  finil  them,  if  the  fl'iw  of  these 
]jre'lic'at'-(l  Pluvial  jieriod  was  so  enormous,  and  at  i 
conliiiiiouKly  seaward  ?  These  woiiIJ  surely  have 
clenn.  llow,  af^ain,  could  the  terraces  in  Fuch  a  case 
miiteriuls  sifted  in  the  way  we  have  mentioned? 
mnkes  even  greater  demitndt  ii|K)n  our  credulity.  £ 
liiiH  reiterated  tlio  opinion  afiain  quite  recently  in  the 
M^OAXiNK,  that  daring  tlie  Fhivial  periorl  the  rate  of  d 
nine  inches  per  annum.  Nine  inches  of  solid  strata  i 
year,  when  we  have  only  to  go  to  North  Wales,  or  i 
Scandinavia,  to  see  numerous  faces  of  rock  with  the  f 
liy  the  ice  in  the  Ghicial  period  still  sharp,  altli 
to  c'lutinurius  suliaerial  denudation  for  unknown  4 
thence  to  ficauge  the  real  ofTects  of  rain  and  snon 
8g>-ncics.  Even  if  we  could  realize  such  etupendou 
Biich  causes,  and  if  we  coidd  trace  whillier  the.deLi 
icouring  has  gone  to,  we  should  etill  have  to  face  « 
diffindty.  Mr.  Tylor  does  not  deny  that  during  liis 
the  land  was  occupied  by  a  teeniitig  life  both  Botnuica 
cnl.  the  remains  of  which  so  abound  in  the  deposit 
cuNsin^,  liut  how  was  Ibis  life  {>os!<ible?  How.  with  bi 
ddwii  of  tho  surface,  was  it  posKJble  for  jdanls.  eitht 
mill  fjnisses  u|Hin  wliidi  the  lund-hhclls  fed,  or  the  for 
5I:iiiimoih  lived,  to  jjrow  at  ull?  How  could  (he  da 
wliicli  Saporin  and  others  have  furni.'^hed  us  lists,  hai 
stU'li  coiidition.-<i'  How,  ag.iin.  could  tlic  animals  do  soi 
lleaile  may  well  Kay  that  uo  mouh)  couhl  postiibly  for 
cireiimstiinccs  except,  perhnps,  in  deltas,  as  it  would  hi 
hniidi'ed  times  as  fast  as  made.  ^Yllicheve^  w.iy 
tiiLMiry  of  a  gri-.it  I'luviid  period,  we  are  met  by  incorr 
lii.'s  and  ctiiitnidictions,  and  we  cannot  avoid  tjie  condi 
not  linked  ou  inductive  evidence,  for  it  will  not  eX[il 
liiit  is  rather  another  example  of  the  danger  of  the  Ued 
in  Hi-ieuco, 

If  we  turn  to  the  ahernntiro  hypothesis  of  Mr.  Belt 
betti'r  position.  His  theory  Cfrliiiuly  luis  the  merit  of 
It  is  fair  to  ([uoto  it  in  his  own  words.  He  nrgei 
hei;,'ht  of  the  UJauial  period,  the  Iteil  of  the  Atlantic  wi 
ice  liowing  from  the  norlh-weKt,  from  the  direction 
n-iicliin^;  trom  the  coaHt  of  Kurojjo  either  at  Brest  1 
point  further  south,  and  dammhig  hack  the  whole  of  t' 
Nortlieni  I'iurope  into  an  immense  lake  of  fresh  water 
gri-alest  extension,  reached  to  a  heif^ht  of  at  leiist  iL'OO 
prewut  level  of  the  sea.  Tliis  hike  was  gradually  low 
hundreds  of  feet,  probably  by  tho  deepening  of  a  cliai 
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and  then  suddenly  and  completely  drained  by  the  breaking  away  of 
the  ice  dam,  causing  an  enormous  flood  or  debacle  "  (Journ.  Geol. 
Soo.  xxxii.  p.  84).  In  order  to  complete  the  boundaries  of  his  lake, 
Mr.  Belt  elsewhere  postulates  that  Behrings  Straits  was  occupied  by 
another  ice  belt,  while  the  communication  between  the  Mediterranean 
and  the  Black  Sea  was  not  then  cut,  and  he  urges  that  by  the 
gorging  of  the  rivers  the  waters  rose  all  over  Northern  Asia  and 
Europe,  thus  drowning  the  big  Mammals,  and  when  the  ice  barrier 
broke,  the  European  lake  discharged  itself  in  a  torrential  fashion,  and 
thus  distributed  the  loose  surface  deposits  of  Europe  as  we  now  find 
them.  This  is  assuredly  a  very  bold  hypothesis.  If  we  try  to 
refdize  the  conditions  of  climate  that  would  be  necessary  before  the 
Bay  of  Biscay  could  be  gorged  with  ice,  or  before  ice  on  any  great 
scale  could  exist  in  the  sea  in  the  latitude  of  the  Pyrenees,  while  a 
temperate  climate  existed  on  the  land,  we  shall  measure  some  of  the 
difficulties  of  such  a  theory.  How  could  Hippopotami  and  Fig-trees 
exist  in  Northern  France  with  such  a  mass  of  ice  close  by,  that  the 
sea  must  have  had  a  temperature  like  that  of  the  PalsDocrystic  sea  ? 

The  short  European  rivers  would,  with  such  conditions,  be 
permanently  frozen,  as  would  the  waters  of  a  European  lake, 
formed  by  their  being  pounded  back.  Bain  falling  on  the  frozen 
ground  would  itself  immediately  freeze.  To  introduce  the  present 
conditions  of  Siberia  into  Western  Europe  when  the  Mammoth  lived 
here,  would  be  a  trial  to  our  faith ;  but  to  introduce  those  of  Smith's 
Sound,  and  yet  to  make  them  coincident  with  a  teeming  animal  and 
vegetable  life,  and  a  mass  of  liquid  unfrozen  fresh  water,  is  indeed 
beyond  all  our  powers  of  imagination. 

We  can  no  more  credit  Mr.  Belt's  explanation  of  the  cause  which 
distributed  the  valley  terraces  than  we  can  one  of  Swift's  imaginative 
tales.  Such  a  theory  is,  as  we  think,  at  issue  with  the  evidence, 
especially  the  evidence  of  climate  furnished  by  the  animal  and 
vegetable  remains.  It  also  involves  the  creation  of  a  lake  so 
deep  and  vast  in  extent  (for  it  must  have  reached  to  the  level  of 
the  higher  European  plateaux  where  the  fine  loams  are  spread  out), 
that  we  have  no  parallels  with  which  to  compare  it,  and  it  involves 
such  a  lake  remaining  unfrozen,  although  composed  of  fresh  water, 
while  the  salt  water  of  the  Atlantic  was  gorged  with  ice  several 
hundred  feet  thick,  and  discharging  itself  along  lines,  such  as  the 
trough  of  the  English  Channel,  where,  so  far  as  we  know,  there 
are  no  appreciable  traces  of  the  great  masses  of  debris  there  ought 
to  be.  Such  a  flood  would  sweep  the  land  of  the  greater  part  of 
its  soft  mantle,  while  the  flood  required  by  the  facts  is  one  that 
spread  such  a  mantle  over  the  higher  ground  and  thrust  it  into 
the  heads  of  the  lateral  valleys,  as  we  find  it  there. 

But  apart  from  this  altogether,  Mr.  Belt's  ice  dam  is  a  barrier 
apparently  incompetent  to  prevent  such  a  vast  lake  from  draining 
unless  it  was  of  an  entirely  different  nature  to  ice  dams  elsewhere. 
As  Prof.  J.  T).  Dana  says,  "  There  is  no  such  damming  as  far  as  is 
known,  about  Greenland,  the  subglacial  streams  being  large  and 
flowing  freely  to  the  sea ;  and  hence  the  practicability  of  damming 
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the  freehwaters  in  the  way  supposed  may  be  doubted."     (Silliman's 
Journal,  3rd  ser.  vol.  13,  p.  384). 

It  seems  to  me  most  clear,  in  fact,  that  the  fluviatile  or  lacustrine 
theories,  whatever  modification  of  it  is  appealed  to,  and  under  what- 
ever conditions,  as  applied  to  the  valley  terraces,  breaks  down  at  every 
point.    Where,  then,  are  we  to  find  an  adequate  explanation  ?    It  is 
clear  that  such  an  explanation  must  postulate  some  physical  cause  of 
an  abnormally  potent  nature,  which  is  not  in  operation  at  present   We 
cannot  doubt  that  water  was  the  means  by  which  the  materials  of  the 
terraces  were,  in  many  cases,  sifted  and  redeposited.   We  cannot  doubt, 
therefore,  that  this  water  must  have  reached  to  at  least  the  level 
of  the  upper  terraces.     These  seem  inevitable  factors.     If  so,  are 
we  not  justified  in  having  recourse  to  the  same  overwhelming  cause 
which  we  have  quoted  so  often  in  these  papers — a  vast  and  sudden 
rush  of  waters  operating  on  a  large  scale  ?    Assuredly  such  a  flood 
would  admirably  explain  the  facts.     It  is  perfectly  consistent  with 
the  valley  terraces  being  composed,  as  we  find  them,  of  subaerial 
materials,  and  containing  no  fluviatile  shells,  etc.,  and  with  their 
having  been  subsequently  rearranged  and  transported,  "  remani6s," 
as  the  French  call  it     It  is  consistent  with  these  deposits  being 
found  in  continuous  sheets  in  certain  places,  continuous  too  with  the 
loams  covering  the  high  plateaux,  and  distributed  independently 
of  the  drainage  of  the  country.      It  explains  how  these  deposits 
should  occur  in  the  lateral   valleys  up   to   their  very  heads.     It 
explains   the   occurrence   of    the   skeleton   of  the   Rhinoceros   de- 
scribed   by    M.    Baillon   at    Menchecourt    with    its    leg    a    little 
distance   away,   as    if  wrenched   off   by   a    violent    blow,   as    we 
described    in    a    former   paper,   just  as    the   same    kind   of  flood 
explains,  as  we  have  tried   to  show,  the  similar  entombments  in 
Siberia  and  in  the  Loess.    It  explains  the  occurrence  of  mixed  bands 
with  sea  shells  occurring  with  the  subaerial  loams  and  gravels  we 
are  discussing,  at  points  near  the  sea,  as  at   Menchecourt     llie 
course  of  the  great  wave  of  waters  having,  no  doubt,  been  largely 
up  the  rivers,  and  having,   therefore,  not  only  washed   the  loose 
materials  up  into  the  heads  of  the  lateral  valleys,  but  also  mixed 
with  the  surface  deposits  at  the  outlets  of  the  main  valleys  products 
of  the  sea  with  those  of  the  land. 

It  explains  the  presence  in  the  terraces  of  the  Somme  of  masses  of 
grey  wether  sandstone,  several  feet  long,  having  generally  their 
edges  unworn,  and,  as  Lyell  says,  when  spherical,  owing  their  shape 
to  an  original  concretionary  structure,  and  not  to  trituration  in  a 
river  bed.  These  grey  wethers  are  accompanied  by  broken  chalk 
of  every  size  from  a  fine  powder  up  to  fragments  as  large  as  a  man's 
head.  "Many  of  these  fragments,"  says  Pr.  Andrews,  "though 
soft  enough  to  write  with  upon  a  blackboard,  have  preserved  with 
absolute  perfection  the  sharp  angles  and  edges  which  they  had  at 
the  time  they  were  broken  from  the  Cretaceous  strata.  It  does  not 
seem  possible,"  he  adds,  that  "  they  could  have  been  rolled  a  hundred 
feet  in  the  bed  of  a  stream  without  losing  their  sharpness  "  {op,  cit, 
183).     Ice  has  been  the  easy  refuge  for  those  who  have  needed  a 
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potent  transporting  agency  to  explain  these  blocks  of  stone  and 
chalk ;  bat  independently  of  ice  on  this  scale  being  quite  incon- 
sistent with  the  whole  life-surroundings,  zoological  and  botanical,  of 
the  period  with  which  we  are  dealing,  we  cannot  understand  how  it 
is  to  explain  the  existence  of  un weathered  sandstone  blocks,  ^«lc. 
If  the  condition  of  these  masses  and  of  the  soft  lumps  of  chalk  is 
inconsistent  with  their  having  been  rolled  in  a  river,  a  fortiori 
is  it  inconsistent  with  their  having  been  at  the  mercy  of  such 
a  triturating  element  as  ice,  which  it  is  the  fashion  now  to 
bring  in  like  the  giant  in  children's  toy-books,  to  solve  every  in- 
tractable riddle  ?  The  boulders  which  form  moraines,  which  charac- 
terize the  Boulder-clay,  and  which  are  found  wherever  we  have 
unmistakable  ice-action,  bear  a  very  different  facies.  The  same  con- 
clusion seems  to  follow  from  the  fact  that  among  these  blocks  are 
never  found  fragments  of  rock  foreign  to  the  valley  of  the  Somme, 
no  erratics  which  have  been  brought  from  another  hydrographical 
basin  (Antiquity  of  Man,  p.  182).  The  removal  of  these  unworn 
blocks,  and  the  accompanying  pieces  of  friable  chalk,  from  the 
adjoining  plateaux  whence  they  have  been  derived,  it  seems  to  me, 
must  inevitably  be  assigned,  not  to  ice,  but  to  a  great  wave  of  trans- 
porting water.  The  same  agent,  lastly,  accounts  for  the  contorted 
and  twisted,  ploughed-up  and  disturbed  beds,  of  which  such  excellent 
sections  have  been  published  by  the  Nestor  of  these  inquiries,  to 
whom  we  are  all  under  such  immense  obligations,  Mr.  Prestwich, 
notably  one  on  page  299  of  his  Memoir  in  the  Phil.  Trans.  1861,  and 
by  others.  It  explains,  lastly,  the  sorting  of  the  materials  in  the 
terraces,  the  heavier  gravels  below,  and  above  them  the  covering  of 
sands  and  pure  loam. 

It  seems  to  me  that  every  way  we  look  at  the  problem  as 
illustrated  by  the  valley  terraces,  we  must  face  one  conclusion  if 
we  are  to  adequately  explain  the  facts,  namely,  that  of  a  wide- 
spread flood.  Although  I  cannot  for  a  moment  believe  in  Mr.  Tyler's 
Pluvial  period,  I  must  endorse  the  sentence  in  which  he  says  "  that 
we  ought  to  judge  of  the  height  of  a  flood  by  means  of  the 
debris  it  has  left,  and  not  by  any  theoretical  notions  of  our  own  " 
(op,  cit,  p.  124). 

Again,  excepting  always  the  use  of  the  word  '  river,'  and  replacing 
it  by  the  neutral  word  *  floods,'  Mr.  Geikie's  words  in  the  following 
sentence  seem  to  be  most  just  as  describing  the  deposits  in  question. 
He  says,  "The  rivers  of  the  Pleistocene  period  often  assumed  a  tor- 
rential character Their  torrential  character  is  shown  by  the 

coarseness  of  much  of  the  gravel,  the  flints  being  often  very  little 
rolled — by  the  absence  of  mud  sediment,  and  by  the  confused  and  irre- 
gular disposition  of  the  bedding — all  bespeaking  the  action  of  tumult- 
uous waters  that  hurried  along  promiscuous  heaps  of  stones  and 
scattered  them  in  confusion  over  the  slopes  and  bottoms  of  the  valleys, 
while  the  finer  sediments  were  swept  away  in  suspension.  When  the 
water  of  the  flooded  river  was  in  less  commotion,  the  finer  sediment 
held  in  suspension  would  be  deposited,  and  this,  as  Professor 
Prestwich  points  out,  has   doubtless  been  the  origin  of   many  of 
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the  BO-oalled  Brick-earths  and  Loess  of  such  ^alleys  as  the  Thames, 
the  Somme,  the  Seine  and  their  tributaries.  They  are  simply  the 
flood  loams  laid  down  by  the  same  river  that  deposited  the  valley 
gravels"  (Prehistoric  Europe,  p.  130).  Again,  he  says,  "The  size 
of  the  stones  and  the  quantity  of  the  material  oonstituting  what 
are  called  high  and  low  level  gravels  sufficiently  indicate  the  great 
transporting  power  of  the  Pleistocene  rivers  (say  'floods' — ^H.  H.  H.), 
while  the  Brick-earths  with  their  delicate  land  shells  covering  sll 
the  gravels,  and  running  up  the  valley  slopes  so  as  to  cap  the 
summits  of  hills  far  above  the  level  reached  by  the  highest  river 
gravels,  proves  the  former  existence  of  floods,  as  Professor  Prestwich 
has  pointed  out,  of  extraordinary  magnitude  "  {id.  p.  132-3). 

I  will  conclude  with  a  sentence  from  a  paper  of  Mr.  Flower, 
which  sums  up  my  own  view  admirably.  He  says  of  the  forces 
which  spread  the  surface  deposits  over  our  valleys,  "We  know 
nothing  of  them,  except  from  their  results ;  but  whatever  they  may 
have  been,  it  seems  quite  certain  they  are  not  ascribable  to  fluviatile 
agency,  and  I  am  therefore  disposed,  with  the  French  geologists,  to 
attribute  them  to  some  powerful  cataclysmal  action,  perhaps  of  short 
duration,  and  several  times  repeated." 

In  the  next  paper  I  shall  consider  the  evidence  of  the  angular 
drift  of  the  South  of  England  and  North  of  France. 


VII. — Supplement  to  a  Chaptkb  in  the  History  of  Msteobites. 

By  Walter  Flight,  D.Sc,  F.G.S. 
{Continued  from  p.  362.) 

Supposed  Organic  Bemains  in  Meteorites,  1880-1882. 

At  the  end  of  the  year  1880,  Dr.  O.  Hahn,  of  Reutlingen,  a  lawyer 
by  calling,  published  a  big  work  entitled  Die  Meteoriten  (Chondrite) 
und  ihre  Organismen  mit  32  Tafeln  photographiacher  Abbildungen 
(1880,  Tubingen :  H.  Laupp),  by  which  he  claimed  to  have  shown 
the  presence  in  meteoric  rocks  of  sponges,  corals,  and  crinoids.  A 
statement  of  his  views  was  read  before  a  meeting  of  the  Geological 
Society  the  same  summer.  Early  this  year  Dr.  D.  F.  Weinland 
published  a  paper  in  support  of  these  views,  Ueber  die  in  Meteoriten 
entdeckten  Thierreste,  Illustrated  with  two  woodcuts  (1882, 
Esslingen  :  G.  Frohner).  The  question  was  thoroughly  gone  into 
in  a  scientific  way  by  Prof.  Carl  Vogt.  of  Geneva,  and  the  conclusions 
at  which  he  arrived  are  contained  in  a  paper  entitled  Les  prdtendus 
Organismes  des  MeteoriteSy  published  1882,  Geneve :  H.  Georg.  It 
is  shown  that  Dr.  Hahn  had  no  foundation  for  his  conclusions ;  that 
all  the  pretended  organic  structures  are  purely  inorganic ;  and  that 
in  no  single  case  do  they  present  the  microscopic  structure  of  the 
organisms  for  which  they  have  been  mistaken  —  such  as  crinoids, 
corals,  and  sponges.  See  also  Dr.  Laurence  Smith  on  the  subject  in 
the  Anier,  Jour.  Sc.  1882,  February,  156. 
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Specimens  of  Supposed  Meteorio  Dust  whioh  fell  in  the  South  of 
Europe  and  Algiers,  between  the  end  of  March  and  beginning 
of  May,  1880.' 

In  Sicily  showers  of  supposed  meteorio  dust  are  often  observed, 
sometimes  with,  sometimes  without  rain.  During  such  a  shower 
the  air  becomes  murky  and  of  a  reddish-yellow  colour,  and  the 
barometer  falls  rapidly.  A  heavy  rain  leaves  a  characteristio 
yellowish-red  residue.  Dust  fell  on  the  night  of  March  29,  1880, 
at  Catania,  containiDg,  in  addition  to  the  ordinary  constituents 
(siliceous,  calcareous,  and  argillaceous  minerals,  and  small  organisms), 
particles  of  metallic  iron.  It  had  a  reddish-yellow  colour,  became 
black  and  gave  off  an  empyreumatic  odour  when  heated,  and  after- 
wards recovered  its  yellowish-red  colour.  The  specific  gravity  was 
2*92.  The  blowpipe  showed  the  presence  of  nickel,  and  phosphoric 
acid  was  found  to  the  amount  of  0*1456  per  cent.  P,  O5.  Under  the 
microscope  small  particles  of  dust  were  observed,  some  opaque, 
others  surrounded  with  a  red  border,  others  steel-grey  with  a  metallic 
lustre.  These  particles  were  easily  separated  by  a  magnet  from  the 
non-metallic  more  or  less  transparent  particles.  The  former  had  a 
diameter  of  0*01  to  0*08  mm.  Some  were  regularly  spherical.  The 
dust  therefore  contains  nickel-iron,  whence  it  is  probably  of  cosmic 
origin.  Silvestri  insists  especially  on  the  fact  that  it  did  not  contain 
any  constituents  which  might  lead  to  the  conclusion  that  it  came 
from  Etna.  M.  Daubree  examined  the  dust  which  fell  from  April 
21  st  to  2Dth,  1880,  in  the  Dep.  des  Basses- A Ipes,  Is^re,  and  TAin.  It 
effervesced  with  acid,  as  did  the  dust  of  Catania,  contained  hydrated 
iron  peroxide,  spangles  of  mica,  and  felspar.  It  was  considered  to 
be  dust  of  terrestrial  origin,  not  volcanic,  nor  Saharan.  About  this 
time,  I  received  from  my  friend.  Dr.  Reginald  Thompson,  of  Chelsea, 
a  specimen  of  reddish  powder  which  had  fallen  in  Algiers  in  May, 
1880.  His  correspondent,  Mr.  A.  L.  Smith,  writing  under  date 
**  Algiers,  May,  1880,'*  says  :  "  We  have  had  torrents  of  rain 
coming  after  falls  of  a  red  powder  in  great  quantities,  of  which  I 
send  you  a  little ;  they  say  it  is  meteoric.  The  sky  was  yellow : 
the  air  quite  still.  I  never  saw  anything  like  it."  The  sand 
answered  in  all  respects  to  that  examined  by  Silvestri  and  Daubree, 
it  certainly  contained  particles  which  were  readjly  removed  by  the 
magnet.  They  were  however  without  action  on  copper  sulphate  or 
mercury  bichloride,  and  the  dust  did  not  contain  nickel-iron. 

1880,  In  Winter.  Province  Entre-Eios,  of  the  La  Plata  State, 
between  Hogaya  (S.E.  of  Santa  F6,  north  of  the  Eiver  La  Plata) 
and  Concepcion  on  the  Eiver  Uruguay.' 

Websky  reports  the  arrival  of  a  stone  which  fell  in  the  winter  of 
1880  at  the  place  mentioned  above,  and  sent  as  a  present  to  the 
Academy.     Further  particulars  are  expected  to  arrive  shortly.     It 

'  0.  Silvestri,   R.  Ace,  (ki  Lined,  iv.  ser.  3,  1880.     Jahrbuch  fiir  Min,  1881,  i. 
200.     A.  Daubree,  Comptta  rettdus,  May  10,  1880,  xc.  1098. 
'  U.  Websky,  iSUzungitbcr.  K.  Akad,  lVi»8.  Berlin,  1882,  lyiii.  and  xix.  395. 
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fell  during  an  evening  and  developed  a  light  as  bright  as  day.  The 
piece  sent  to  Europe  constitutes  one-half  of  the  original  aerolite.  A 
crack,  started  when  the  stone  was  broken,  has  since  led  to  the  stone 
falling  into  two  pieces,  weighing  1239  grammes  and  974  grammes, 
The  meteorite  belongs  to  the  very  rare  class  of  carbonaceous  stones; 
its  structure  is  dark  grey,  has  little  lustre  and  is  soft ;  it  contains  no 
visible  meteoric  iron,  but  an  abundance  of  light  grey  rounded  bodies, 
among  which  are  occasionally  some  with  a  dull  metallic  lustre  and 
of  a  greenish  yellow  colour,  and  others  of  a  dark  grey  compact  suh- 
stance  and  of  earthy  character. 

The  meteoric  nature  of  the  stone  is  placed  beyond  doubt  by  the 
crust  still  adhering  to  the  smaller  fragment  When  the  two  pieces 
are  held  together,  it  is  easy  to  recognize  which  side  of  the  stone  was 
in  front  during  its  passage  through  the  atmosphere.  The  entire 
stone  appears  to  have  had  the  form  of  a  sphteroid  150  mm.  in  the 
smallest  and  180  mm.  in  the  longest  diameter. 

1881,  March  14,  3*35  p.m.— Pennyman's  Siding,  Middlesbrough, 

Yorkshire.^ 

During  the  past  year  a  very  beautiful  specimen  of  a  meteorite  fell 
near  Middlesbrough,  at  a  spot  called  Penny  man's  Siding  on  the 
North-Eastern  Railway  Company's  branch-line  from  Middlesbrough 
to  Guisbrough,  about  one  mile  and  three-quarters  from  the  former 
town.  Its  descent  was  witnessed  by  W.  Ellinor  and  three  plate- 
layers, who  heard  a  whizzing  or  rushing  noise  in  the  air,  followed 
in  a  second  or  two  by  a  sudden  blow  of  a  body  striking  the  ground 
not  far  from  them  ;  the  spot  was  found  to  be  48  yards  from  where 
they  stood.  The  fall  took  place  at  3-35  p.m.  on  the  14th  March, 
1881.  No  luminous  or  cloud-forming  phenomena  are  reported.  Ac- 
cording to  Prof  Alexander  Herschel,  who  at  once  visited  the  spot 
the  fall  appears  to  have  been  nearly  vertical.  The  stone  was  "  new- 
milk  warm  "  w^hen  found,  and  weighed  31b.  S^  oz. ;  the  crust  is  very 
perfect  and  of  an  unusual  thickness.,  and  has  scarcely  suffered  by  the 
fall.  The  stone  forms  a  low  pyramid,  slightly  scolloped  or  con- 
choidal-looking,  6J  inches  in  length,  5  inches  wide,  and  3  inches  in 
height.  The  rounded  summit  and  sloping  sides  are  scored  and 
deeply  grooved,  with  a  polish  like  black  lead  in  waving  furrows 
running  to  the  base,  showing  that  this  side  came  foremost  during 
the  whole  of  the  fusing  action  of  the  atmosphere  which  the  meteorite 
underwent  in  its  flight.  The  base  is  equally  fused  by  heat,  but  is 
rough,  dull  brown  in  colour,  and  not  scored  or  furrowed.  It  pene- 
trated the  soil  to  a  depth  of  eleven  inches.  From  experiments  made 
by  Professor  Herschel,  it  is  calculated  that  it  struck  the  ground  with 
a  velocity  of  412  feet  per  second.  As  it  would  acquire  this  velocity 
by  falling  freely  through  half  a  mile,  it  is  evident  that  little  of  the 
original  planetary  speed  with  which  it  entered  the  atmosphere  can 
have  remained  over. 

^  A.  S.  Herschel,  Newcastle  Daih/  Chronicle^  March  30,  1881,  Newcastle-on- 
Tyne.     Walter  Flight,  Froc,  li,  S.  1882,  p.  346. 
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Tlie  stone  contains  9-379  per  cent,  of  nickel-iron,  the  composition 
of  which  was  found  to  be — 
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The  per-oentage  of  nickel  is  high.  The  remaining  constituents  con- 
sist of  rocky  matter,  amounting  to  90*621  per  cent.,  and  are  soluble 
silicate  54*315  per  cent,  and  insoluble  silicate  36*306  percent.  The 
soluble  silicate  appears  to  be  an  olivine  of  the  form  2(-^  Fe,  ^  Mg) 
0,  SiOt,  or  one  closely  resembling  that  which  occurs  in  the  Lance 
stone,  which  fell  July  13th,  1872,  and  was  examined  by  Daubree. 
The  insoluble  part  is  chiefly  bronzite,  and  most  closely  resembles 
that  which  is  to  be  found  in  the  meteorites  of  Iowa  co.,  Iowa,  east 
of  Marengo,  which  fell  12th  February,  1875,  and  were  examined  by 
Dr.  L.  Smith.  The  aluminium  constituent  is  doubtless  labradorite, 
and  is  probably  present  as  some  of  the  occasional  chondra  which  are 
seen  in  a  microscopic  section. 

1882,  January  Slst.    2—3  pum.— Skanft,  Canton  Granbondten, 

Switzerland.^ 
A  meteor  of  rare  size  and  unusual  brilliancy  was  seen  in  the 
bright  sunshine  at  several  places  in  the  east  of  Switzerland.  A 
rushing  noise  was  heard  at  Zurich,  at  Einsiedeln,  and  at  St.  Gallon, 
and  a  snow-white  lump  was  seen  moving  in  the  air  overhead.  It 
threw  out  a  thin  yellow  band  in  a  north-westerly  direction,  which 
appeared  to  close  together  again,  and  break  up  in  a  ball-like  structure; 
then  it  turned  red,  white,  and  green,  and  suddenly  vanished.  It  is 
said  to  have  fallen  to  earth  at  Skaufs  with  loud  detonation. 

1882,  February  3rd,  3*46  p.m. — Moos,  near  Elausenbnrg,  Kolosch 

County,  Siebenbiirgen.^ 
To  eye-witnesses  at  Klausenburg  an  intensely  brilliant  meteor 
was  visible  at  this  hour  in"  a  north-easterly  direction,  the  sky  was 
cloudless  :  at  once  detonations  were  heard  which  was  a  rolling  noise, 
though  at  the  same  time  intense  detonations  were  heard.  At  the 
spot  where  the  light  was  observed,  a  white  cirrus-like  cloud  ex- 
tended in  the  form  of  a  white  stripe  from  west  to  east.  The  next 
day  it  became  known  that  meteorites  had  fallen  at  Mocs,  Ave 
(German)  miles  eastward  of  Klausenburg.  Dr.  Herbich  at  once 
went  there,  and  was  fortunate  enough  to  receive  one  weighing 
35  kilogrammes,  which,  after  striking  an  oak  tree  and  lopping  off 
several  branches,  bad  penetrated  the  soil  to  a  depth  of  68  centimetres 
in  the  frozen  ground.  Later  on  a  block  weighing  70  kilogrammes 
was  found,  and  a  number  of  other  masses.  They  were  spread  over 
an  area  three  miles  in  length. 

>  "  M."  in  Ber  Naturforscher,  1882,  xv.  87. 

'  F.  Herbich,  and  A.  Brezina.  Virhand.  der  K.  K.  Gcolog.  Reichsnmialt^  1882, 
77.  {Der  Naturforscher,  1882,  174.)  G.  Tscbermak,  Anz.  Ak.  ff'tw.  Witn,  1882, 
62.  A.  Koch,  Sitzber.  Ak.  Wiss.  Ixxxv.  Mart- Heft,  1882.  G.  Tscherraak,  Anz, 
Akad.  Jris8.  IFim,  1882,  83.  A.  Brezina,  Anz.  Ak.  Wiss.  Ulen,  1882,  104.  A. 
Brezina,  Sitzber.  Akad,  JFiss,  Ixxxv.  Mai-HefU  1882. 
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Brezina  traoes  the  closest  resemblance  between  them  and  fha 
numerous  meteorites  which  fell  30th  November,  1822,  at  Futtehpur  (at 
Kouspur,  Bithoor,  and  Shahpur),  they  are  white  friable  chondrites. 
Like  them  they  are  traversed  by  a  whole  system  of  black  veiiu^ 
consisting  for  the  most  part  of  nickel-iron  and  troilite. 

Later  on  Eoch  concluded  that  about  2000  stones  had  fallen,  the 
total  weight  being  245  kilogrammes.  A  great  number  were  sent 
to  the  National  Museum  at  Klaosenbuig.  The  densily  of  the  stone 
appears  to  be  3*67. 

The  meteor  was  seen  as  far  as  Yerespatak,  and  traces  of  the  cload. 
were  visible  for  15  to  18  minutes.    The  sun  was  shining  brightly  at 
the  time,  and  the  light  was  strengthened  by  the  reflection  of  th^ 
snow ;   still  the  light  of  the  meteor  was  dazzling.    One  stone  wa^ 
picked  up  quite  warm.    As  is  usual,  the  smaller  masses  reached  th^^ 
earth  first,  the  heavier  being  carried  further  to  the  «outh-east 
map  accompanying  Eoch^s  paper  shows  the  way  in  which  the  ston 
were  distributed  over  the  area. 

Those  meteorites  which  fell  on  the  snow,  and  were  quite  uninjured, 
have  a  peifect  crust  which  has  the  lustre  of  varnish,  the  average 
thickness  of  this  crust  is  ^  to  f  mm.  The  large  stone  has  the 
depressions  and  hollows  usually  found  on  their  surfaces.  The  fresh 
surface  is  ashy-grey,  in  places  traversed  by  brown  or  black  cracks 
and  veins,  and  sparsely  scattered  small  metallic  granules.  In  con- 
clusion Koch  makes  a  few  tentative  remarks  on  his  examination  of 
a  microscopic  section. 

Tscheiiuak  found  on  inspecting  a  great  number  of  the  stones  that 
they  exhibited  a  tendency  to  split  up  into  prisms.  The  crust  is 
more  lustrous  than  in  most  meteorites ;  and  long  fused  threads  are 
occasionally  met  with.  In  addition  to  black  veins,  there  are  rarely 
to  be  seen  broader  areas  filled  with  a  black  magma,  as  in  the  stone 
of  Orvinio.  Of  the  definite  mineral  species  white  chondra  of  olivine 
and  eustatite,  and  brown  chondra  of  enstatite  are  seen,  as  well  as 
diopside,  a  felspar  of  the  plagioclase  series,  and  a  black  as  yet 
undetermined  mineral.  Fragments  of  iron  showing  very  distinct 
cleavage  are  also  of  frequent  occurrence. 

Brezina  still  more  recently  examined  the  crust  and  the  black 
veins,  and  finds  that  the  broad  black  areas  are  only  met  with  where 
tlie  surface  exhibits  an  unusually  porous  and  shrivelled  character, 
properties  which  fully  accord  with  that  of  the  black  chondrites,  with 
the  exception  of  the  meteorite  of  Tadjera,  which  has  no  crust  what- 
ever, which  appears  to  support  the  view  that  they  are  in  each  case 
due  to  the  same  cause. 

This  remarkably  abundant  fall  took  place  over  an  area  extending 
from  46^  48'  to  46^  63'  N.  and  24°  2'  to  23°  54'  E.  of  Greenwich. 

1882,  March  9th,  11  p.m.— Between  Webster  and  Oswego,  Warsaw 

Co.,  Indiana,  U.S.A.^ 

Some  men  who  were  riding  home  through  a  very  heavy  snow- 

^  Warsaw  RepuhUcan,  March  26th,  1882.  Beprinted  in  the  Evening  Itnu*,  of 
Glas^'ow,  April  15th,  1882. 
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•iorm  suddenly  became  aware  of  a  large  meteor  moving  near  them 

with  inoonoeiTable  rapidity  and  a  rushing  roaring  noise.     It  had  a 

bright  cherry  red  colour,  "just  the  colour,"  as  one  of  the  part}' 

obaerred,  "  of  melted  iron."     The  light  was  so  brilliant  that  it 

blinded  them,  and,  notwithstanding  the  storm,  lighted  the  entire 

iteighboarhood   as  clearly  as   the   brightest  day  at  noon.     When 

nearly  overhead  it  exploded  with  a  tremendous  report.     The  entire 

jxurty  were  prostrated,  horses  and  men,  and  some  of  them  did  not 

recover  their  sight  imtil  some  twenty-four  hours  later.     The  report 

Was  distinctly  heard  at  Warsaw,  eleven  miles  distant  as  the  crow 

Aea,  and  attracted  a  good  deal  of  attention.      The  glass  of  the 

windows  was  broken  in  a  number  of  houses  in  the  neighbourhood. 


la  E  V  I  E  "W"  S. 


^^iHA.  Eboebnibss  eigbneb  Rbisbn  und  darauf  gborundkter 
Studibn.  Yon  Ferdinand  Frbihbrrn  von  Ricuthofen.  Zweiter 
Band.     Das  Nordliche  China. 

^^iNA.  Results  of  Personal  Travels  and  Studies  founded 
THEREON.  By  Ferdinand  Baron  von  Riohthofen.  Second 
Volume,  Nortbem  China.  With  126  Woodcuts ;  a  Coloured 
Landscape ;  2  Maps ;  and  5  Geological  Profiles.  4to.  pp.  791. 
(Berlin :    Reimer,  1882.) 

^'N  this  massive  volume  Baron  Richthofen  continues  his  descrip- 

-l     tions  of  the  physical  features  of  China,  of  which  the  first  portion 

appeared  about  five  years  since.     The  present  work  is  restricted  to 

\he  northern  portion  of  that  widely  extended  country,  and  presents 

to    as   the  geological  features  of  an  extensive  area  hitherto  com- 

\)letely  unknown  to  science.     The  observations  recorded  were  for 

the  most  part  obtained  in  the  course  of  a  series  of  rapid  journeys 

through  the  different  provinces  of  the  country,  during  which  the 

aqtbor  accumulated  a  vast  amount  of  geological  details,  which  are 

here  given  very  fully.     Fortunately  for  the  reader  a  resumi  is  given 

of  the  geological   features  of  each   province,  and  also   a  general 

nimmary  of  the  country  as  a  whole,  and  the  verbal  descriptions  are 

accompanied  by  excellent  maps,  woodcuts  of  scenery,  and  numerous 

geological  sections  and  profiles,  so  that  the  routes  followed  by  the 

author  can  be  followed  without  difficulty.     Though  mainly  devoted 

to  illustrating  the  physical  characters,  the  work  at  the  same  time 

includes  a  description  of  the  climate,  the  economical  productions  of 

the  soil,  and  the  character  and  occupations  of  the  inhabitants  of  this 

country,  so  as  to  permit  a  fairly  complete  picture  of  its  conditions 

under  these  various  aspects  to  be  formed  therefrom. 

The  geological  history  of  China  is  referred  to  three  great  periods ; 
the  first  of  which  comprises  the  formation  of  the  Archaic  rocks,  and 
the  mighty  disturbances  to  which  they  were  subjected ;  the  second 
begins  with  the  deposition  of  a  series  of  rocks  of  great  thickness, 
to  which  the  author  applies  the  term  Sintstan,  and  extends  to 
beyond   the  termination  of  the  Carboniferous ;    the  third  period 
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begins  with  tbe  upheaval  of  the  whole  difitrict  after  the  depositiim 
of  strata  of  the  Bothliegende  epoch,  and  coDtinaes  to  tbe  pres^ 
time. 

The  oldest  and  basement  series  of  rocks  are  beds  of  ancient  gneiss 
and  granitic  gneiss,  which  have  a  very  wide  and  general  develop- 
ment, and  are  characterized  by  a  steep  dip  and  a  prevailing  strike 
of  N.  30  W.  On  the  denuded  and  abraded  surface  of  this  Ifrgneiti 
there  occur  beds  of  newer  gneiss,  also  of  homblendic  and  chloritic 
gneiss,  varying  in  petrological  characters,  and  in  the  direction  of 
the  strike  to  the  older  beds.  These  rocks  in  some  districts  form 
elevated  and  rugged  mountainous  areas.  These  gneissoid  strata,  both 
older  and  younger,  are  regarded  by  the  author  as  the  equivalents  of 
the  Laurentian  system  of  other  continents,  and  may  be  distinguished 
also  from  the  newer  metamorphic  rocks  by  the  absence  of  beds  of 
crystalline  limestone.  Resting  unconformably  on  the  gneiss  is  a 
series  of  beds  of  great  thickness,  and  of  very  varying  petrological 
characters  in  different  localities,  but  which  appear  to  be  of  the  same 
relative  age.  These  strata  consist  of  mica-schist,  hornblende-schist, 
quartzite,  sandstone,  coarse  conglomerate  green  schists,  and  crystal- 
line limestones.  In  one  district  this  series  has  an  estimated  thick- 
ness of  at  least  10,000  feet,  and  the  author  parallels  the  series  with 
the  Huronian  system  of  other  countries.  At  the  dose  of  the 
deposition  of  this  group  of  beds  a  mighty  revolution  occurred,  in 
which  they  were  highly  plicated  and  faulted,  and  in  some  places 
penetrated  by  eruptive  rocks.  The  author  states  that  the  rocks  of 
this  first  main  period  were  uplifted  to  form  the  skeletons  of  mountain 
ranges,  and  their  surfaces  experienced  enormous  and  long-continued 
denudation  before  the  commencement  of  the  deposition  of  the  lowest 
beds  of  the  second  main  period. 

The  next  succeeding  group  of  rocks  form  the  Sinisian  system ;  it 
has  an  extremely  wide  development,  and  is  readily  recognized  by 
similar  petrographical  characters  in  areas  far  apart  from  each  other. 
The  group  consists  of  three  series :  the  lower,  a  reddish  sandstone 
with  local  developments  of  quartz  breccia ;  the  middle,  of  siliceous 
limestones  with  beds  of  red  clay-shale  and  sandstone ;  and  an  upper 
series  of  globulitic  limestone,  in  which  the  earliest  fossils,  consisting 
of  fragmentary  Brachiopods  and  Trilobites,  are  met  with.  Tbe 
detailed  description  of  these  and  other  fossils  is  reserved  for  another 
volume,  but  Professor  Dames  states  that  the  trilobitic  fauna  of  these 
limestones  chiefly  consists  of  examples  of  the  genera  Dikelocephalus 
and  C<mocephalu8f  and  bears  a  closer  resemblance  to  those  occurring 
in  tbe  Potsdam  sandstones  of  North  America  than  to  those  of  tbe 
Swedish  Cambrian  strata.  The  concordant  series  of  beds  of  tbe 
Sinisian  system  vary  in  estimated  thickness  from  12,000  to  20,000 
feet.  The  higher  portions  of  tbe  series  are  placed  by  the  author  as 
equivalents  of  the  Cambrian  system. 

Over  tbe  greater  part  of  Northern  China  an  elevation  of  the 
surface  appears  to  have  taken  place  at  the  close  of  the  Sinisian  or 
Cambrian  period,  no  representatives  of  Silurian  or  Devonian  strata 
appear  to  be  present,  and  the  Sinisian  beds  are  immediately  sue- 


Reviews^-Baron  RichthoferCs  China.  431 

oeeded  by  Carboniferous  strata,  frequently  exhibiting  an  apparent 
conformity  with  the  underlying  Cambrian.  In  the  province  of 
Shensi,  however,  there  is  displayed  a  great  series  of  shales  and 
limestones,  estimated  at  20,000  feet  in  thickness,  which,  by  their 
fossils,  plainly  show  that  they  belong  to  the  intervening  periods. 
Some  of  these  beds  are  nearly  entirely  composed  of  corals  of  common 
Silurian  genera,  and  mention  is  made  of  platter-shaped  examples, 
probably  of  Favosites  or  Alveolites^  which  attain  the  dimensions  of 
a  waggon  wheel.  According  to  Professor  Lindstrom,  these  coral 
beds  are  of  the  age  of  the  Wenlock,  and  overlying  them,  limestones 
occur  with  distinctive  Devonian  Brachiopods  ;  then  follow  Carboni- 
ferous limestones,  so  that  in  this  district  there  is  a  complete  con- 
formity of  the  strata  from  the  Silurian  to  the  Carboniferous.  In 
other  localities  the  Silurian  strata  were  penetrated  by  a  great  granitic 
outburst,  accompanied  by  colossal  faults,  before  the  deposition  of  the 
Carboniferous. 

The  lowest  beds  of  the  Carboniferous  consist  of  limestones,  fre- 
quently bituminous,  and  with  hornstone  nodules.  Their  age  is 
definitely  established  by  the  presence  of  Producti,  Spirifers,  and  other 
fossils.  Above  these  are  beds  of  sandstone  and  shales  with  produc- 
tive coal  beds.  The  extent  and  importance  of  the  workable  coal 
strata  of  Northern  China  are  clearly  shown  by  the  author  not  only 
in  the  detailed  descriptions  of  the  various  basins,  but  also  in  a  special 
chapter  in  which  a  review  is  given  of  their  position,  the  thickness 
of  the  seams  and  the  character  of  the  coal  present  in  each  province. 
The  most  remarkable  of  these  coal  basins  appears  to  be  that  of  the 
Anthracite  district  in  the  South-east  of  the  province  of  Shansi.  It 
comprises  an  area  estimated  at  10,150  geographical  square  miles, 
throughout  which  a  workable  thickness  of  40  feet  of  coal  appears  to 
be  present,  which  would  give  an  amount  of  620,000,000,000  tons 
of  coal.  Along  a  line  of  180  miles  in  length,  beds  of  Anthracite 
from  15  to  30  feet  in  thickness  could  be  worked  at  almost  any  point. 
The  anthracite  is  of  excellent  quality  and  is  compared  to  the  best  in 
Pennsylvania.  Nor  is  the  coal  the  only  product  of  this  district, 
for  in  close  proximity  there  is  an  abundance  of  excellent  iron  ore. 
In  other  portions  of  this  province  the  author  estimates  that  bitumin- 
ous coal,  equal  in  quantity  to  the  anthracite,  is  present,  and  this 
latter  alone  would  be  sufficient  to  supply  the  consumption  of  the 
world,  at  its  present  rate  of  300  million  tons  annually,  for  2100 
years.  At  the  present  time  these  coal  strata  are  worked  only  on  a 
very  small  scale,  and  at  the  mine  the  cost  bf  the  coal  per  ton  is 
somewhat  under  two  shillings. 

Most  of  the  highland  areas  of  the  North  of  China  appear  to  have 
been  upheaved  at  the  conclusion  of  the  Carboniferous  period,  and 
only  in  one  or  two  localities  have  rocks  of  Permian  or  Triassic  age 
been  noticed.  In  one  place,  however,  variously  tinted  limestones, 
1000  feet  in  thickness,  are  supposed  to  belong  to  one  or  other  of 
these  systems  ;  and  overlying  these  are  beds  of  sandstone  and  clays 
with  thin  seams  of  coal,  in  all  over  2000  feet  in  thickness.  Judging 
from  the  plant  remains  these  strata  belong  to  the  epoch  of  the  Lower 
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Jura.    Hesozoic  strata  of  a  later  date,  and  older  Tertiary  strata,  do 
not  appear  to  have  been  yet  recognized  in  Northern  China. 

Of  relatively  recent  geological  date  are  the  remarkable  widespread 
deposits  of  Loess,  which  sometimes  attains  a  thickness  of  over  a 
thousand  feet  Perhaps  no  more  striking  phenomena  than  these 
wonderful  deposits  occur  in  the  whole  range  of  stratigraphical 
geology,  whether  we  take  into  account  the  character  of  the  deposits 
or  the  manner  of  their  production.  The  author  has  lately  given  in 
this  Maoazinb  such  a  lucid  and  graphic  description  of  the  characters 
and  origin  of  the  Loess,  that  it  is  not  necessary  here  to  refer  to  the 
facts  brought  forward  respecting  it  in  this  volume. 

The  author's  conclusions  that  it  is  to  be  regarded  as  the  product 
of  ^olian  influences  acting  during  periods  of  long  duration  and 
under  different  conditions  of  climate,  appear  to  be  fully  justified 
by  the  mode  of  its  occurrence  not  only  in  China  but  in  Europe  as 
well.  In  Northern  China,  three  of  these  climatic  periods  are  dis- 
tinguished:— (1.)  An  erosion  period,  in  which  the  surface  of  the 
country  was  sculptured  by  erosion  and  denudation  into  the  figure  it 
still  retains  beneath  the  covering  of  Loess.  (2.)  A  Steppe  period,  in 
which  the  conditions  of  the  saline  steppes  of  Central  Asia  were 
extended  over  the  area  of  Northern  China.  (8.)  A  Loess  period, 
now  existing,  in  which,  through  a  moist  climate,  the  former  Steppe- 
districts  have  been  converted  into  Loess  districts. 

The  author  devotes  a  chapter  to  considering  the  effects  of  marine 
action  on  a  coast-line  in  forming  planes  of  denudation,  and  arrives 
at  similar  conclusions  to  those  enunciated  long  ago  by  Professor 
Ramsay. 

In  concluding  this  short  notice  we  can  but  express  the  opinion, 
which  we  feel  must  be  shared  by  all  who  consult  this  grand  work, 
that  this  book  is  a  most  valuable  and  important  contribution  to 
geological  science.  It  presents  us  with  the  main  outlines  of  the 
geological  characters  of  a  vast  area  of  country  of  which  nothing  had 
been  previously  known,  so  that  we  are  enabled  now  for  the  first 
time  to  correlate  the  succession  of  the  strata  in  China  with  that  of 
other  countries.  The  difficulties  attending  an  investigation  of  this 
character  are  readily  apparent,  for  not  only  were  the  geological 
features  quite  unknown,  but  even  the  topography  of  the  country  was 
to  a  large  extent  a  blank,  and  beyond  the  position  of  a  few  of  the 
large  cities  and  the  course  of  some  of  the  larger  streams,  the  land 
was  a  terra  incognita.  Under  these  circumstances  we  can  appreciate 
the  arduous  nature  of  the  undertaking  and  the  qualifications  neces- 
sary for  fulfilling  it,  and  we  warmly  congratulate  Baron  Hichthofen 
on  having  accomplished  it  so  successfully.  We  are  very  glad  to 
know  that  in  a  short  time  the  descriptions  of  the  fossils,  which  have 
been  entrusted  to  several  eminent  palaeontologists,  will  be  published 
in  another  volume,  and  we  anticipate  that  the  fossil  flora  and  fauna 
of  this  area  will  prove  not  less  interesting  and  valuable  to  science 
than  its  stratigraphical  features.  G.  J.  H. 
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I. — Tbaoeb  of  a  Great  Post-Glaoial  Flood. 

4.  Evidence  of  the  Angular  Drift. 

By  H.  H.  HowoRTH,  F.S.A. 

WE  have  sifted  the  evidence  furnished  by  the  Loess,  by  the  loams 
and  briok-earths,  and  by  the  valley  terraces  which  are  such 
conspicuous  features  in  the  surface  geology  of  Europe,  and  we  have 
found  them  furnishing  a  perfectly  consistent  and  perfectly  reasonable 
story.  We  have  still  left  for  consideration  the  most  eloquent  for 
our  purpose  of  all  the  surface  deposits,  namely,  the  great  sheets  of 
angular  gravel  which  many  of  us  have  examined  with  curious 
interest  for  many  days,  and  which  mantle  so  much  of  the  land  on 
either  side  of  the  English  Channel. 

The  chief  characteristic  of  this  gravel  is  that  it  is  for  the  most 
part  composed  of  broken  flints  with  un rubbed  edges,  whence  Mur- 
chison  called  it  the  Angular  drift.  This  character  it  bears  on  both 
sides  of  the  Channel ;  and  there  can  be  no  doubt  that  as  it  occurs  at 
Sangatte,  et«.,  where  it  has  been  described  by  M.  d'Archiac  and 
Mr.  Prestwich,  it  is,  as  those  authors  urge,  identical  in  origin  with 
the  drift  capping  the  clififs  at  Brighton  and  at  Bournemouth.  This 
drift  has  given  rise  to  much  discussion,  and,  as  in  previous  papers, 
we  will  first  examine  the  theories  which  have  been  recently  current 
about  it,  and  conclude  with  our  reasons  for  adopting  a  wide-spread 
inundation  as  the  vera  causa  alone  competent  to  meet  its  conditions. 
Every  inquirer  who  has  examined  the  question  is  agreed  upon  one 
fact,  which  is  indeed  palpable,  that  the  flint  drift  we  are  discussing 
was  distributed  as  we  now  find  it  by  water.  Once  it  was  supposed 
that  it  was  a  marine  deposit,  but  this  view  is  no  longer  held  any- 
where. The  fact  that  the  flints  are  for  the  most  part  unrolled  quite 
takes  the  deposit  out  of  the  category  of  a  marine  shingle,  nor  again 
do  we  find  in  it  such  traces  of  marine  organisms  as  would  inevitably 
be  present  if  it  had  been  a  marine  deposit.  Upon  this  point  Mur- 
chison's  observations  are  most  just.  He  says :  "If  an  arm  of  the 
sea  had  permanently  occupied  this  tract  during  each  of  the  long 
periods  in  which  the  advocates  of  gradual  causation  suppose  the 
strata  to  have  been  successively  broken,  crumbled  down  and  washed 
away,  we  ought  to  find  some  relics  of  the  water-worn  shingle,  of 
former  times,  along  the  numerous  escarpments  of  Upper  and  Lower 
Greensand,  etc.,  if  not  along  the  edges  of  the  escarpments  of  the 
chalk  or  chief  shores  of  former  seas.     But  if  not  along  those  maii^ 
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shores,  the  narrows  by  which  the  great  bay  communicated  with  the 
ocean  (for  such  the  transverse  valleys  must  in  that  case  have  been) 
ought  especially  to  present  to  us  Hues  of  water-worn  shingle,  some- 
thing like  the  beaches  of  our  own  coasts  or  the  raised  terraces  of 
Norway.  We  ought,  at  all  events,  to  be  able  to  detect  as  good 
evidences  of  the  former  abode  of  the  sea  as  are  observable  in  the 
Valley  of  the  Severn,  or  former  ^Straits  of  Malvern,'  and  other 
parts  of  England,  where  sea-shells  and  shingle  co-exist.  On  the 
contrary,  we  find  that  ...  it  is  just  in  such  gorges  that  there  are 
patches  in  the  recesses,  not  however,  of  the  rounded  materials  which 
long-continued  tidal  action  of  waves  would  produce,  but  of  irregu- 
larly-formed angular  or  subangular  flint  gravel  and  drift,  not  bedded, 
and  arranged  at  definite  heights  above  the  present  drainage,  but 
arrested  at  various  altitudes  or  lodged  in  the  lowest  depressions; 
aU  the  remains  which  can  be  detected  in  them  being  exclusively  terres- 
trial, except  on  the  southern  sea-shore.  Occasionally,  indeed,  the 
drifted  materials  are  found  dovetailed  into  the  cavities  of  the 
fractured  bones,  and  land-shells  of  existing  species  are  found  in  the 
loam,  commingled  with  the  lost  species  of  quadrupeds  "  (Joum.  of 
the  G^eol.  Soc.  vol.  vii.  pp.  392-3). 

Again,  the  same  most  experienced  observer  says :  "  There  can  be 
little  (doubt)  in  affirming,  that  neither  during  the  operations  which 
deposited  the  debris,  nor  after  them,  was  the  Weald  valley  occupied 
by  the  waters  of  the  sea,  or  its  transverse  gorges  by  marine  narrows. 
There  is  not  a  single  rounded  pebble  along  the  lower  edges  of  any 
of  the  escarpments  that  flank  the  central  Wealden ;  still  less  does 
the  tract  contain  any  fragments  of  marine  shells ;  whilst  by  far  the 
greater  part  of  the  detritus  is  just  that  which  must  have  resulted  from 
an  action  which  left  the  shattered  debris  in  positions  and  conditions 
which  no  ordinary  sea  would  have  done.  Nor  can  it  be  suggested 
that  along  hundreds  of  miles  of  natural  escarpments,  the  supposed 
lines  of  deposit  of  ancient  sea-shores,  are  all  now  hidden  under  spoil 
resulting  from  the  diurnal  action  of  ages.  The  rocks  in  situ  are 
everywhere  at  or  near  the  surface,  and  nowhere  is  there  any  symp- 
tom of  action  of  the  sea."  Again,  "  All  the  fossils  found  inland  are 
terrestrial"  (id,  p.  393). 

Again,  he  says,  '*  Wherever  you  examine  this  detritus,  whether  it 
be  on  the  external  slope  or  talus  of  the  chalk  hills,  or  in  the  broad, 
slightly  inclined  flats  extending  to  the  sea,  you  find  that,  whatever 
may  have  been  the  materials  acted  upon,  they  have  all  been  violently 
broken  up  and  gathered  tumultuously  and  without  a  symptom  of 
having  been  subjected  to  ordinary  tidal  coast  action  to  produce  strati- 
fication, or  long-continued  aqueous  abrasion  to  round  the  flints ;  nor 
do  they  anywhere  contain  marine  remains,  except  where  the  detritus 
has  been  shed  off  into  the  low  situation,  at  Hove,  and  has  there 
encroached  upon  the  sea-level "  (id.  p.  372).  Lastly,  he  says, 
•*  Any  ordinary  tidal  action  we  can  conceive  would  have  left  signs 
either  of  successive  sediment  or  of  water-worn  pebbles,  and  would 
not  have  afforded  the  clear  proofs  that  have  been  adduced  either  of 
sweeping  denudations  down  to  the  bare  framework  of  the  rocks,  or 


H.  H.  Howorth— Traces  of  a  Great  Post-Oiacial  Fhod.    435 

angnlar  drift  distributed  in  bands  and  patches  at  different  altitudes. 

adoounting  for  such  facts  the  advocate  of  the  tidal  action  of  the 
i  meets  with  insurmountable  difficulties  at  the  very  threshold  of 
$  position.     Instead  of  rounded  pebbles  of  the  last-formed  detritus 

the  South-East  of  England,  he  sees  both  on  this  side  and  on  the 
ler  side  of  the  Channel  near  Calais,  that  where  there  is  a  true 
iter-worn  beach,  it  lies  between  local  drifts  in  which  all  is  frag- 
antary  and  tumultuous ;  and  hence  he  is  not  authorized  to  appeal 

the  mere  forms  of  the  escarpments  of  chalk  or  to  insulated  pyra- 
ids  or  outliers  of  that  rock  as  proofs  that  the  sea,  as  we  now  under- 
md  its  action,  could  have  produced  any  such  results  "  {id.  p.  394). 
r.  Belt  speaks  in  the  same  strain  and  says,  '^  There  is  this  insuper- 
le  objection  to  the  theory  of  marine  submergence,  that  over  the 
liole  district  {i.e.  Devon  and  Cornwall)  no  marine  beaches  and  not 
single  marine  organism  has  been  found  excepting  within  a  few  feet 

the  present  sea- level.  Nor  can  sea-shells  have  once  existed  in 
e  deposits  and  been  since  destroyed ;  for  mammalian  remains  and 
ad  shells  and  freshwater  shells  are  preserved,  and  any  agency  that 
9uld  have  obliterated  the  traces  of  the  one,  would  not  have  spared  the 
hers"  (Jonrn.  Geol.  Soc.  vol.  xxxii.  p.  84).  These  extracts  will 
ffice,  for  I  take  it  we  are  merely  killing  the  dead  in  arguing  against 
e  marine  origin  of  the  Angular  drift.  I  am  not  aware  that  it  has 
»en  suggested  that  this  drift  was  distributed  by  ice  action ;  but  if 
ly  one  should  suppose  so,  I  think  the  following  sentence  from 
urchison's  paper  just  quoted  will  be  conclusive.  He  says  that  we 
ive  not  "  in  discussing  the  question  of  the  Wealden  denudation  and 
e  formation  of  its  local  drift,  the  power  of  invoking  the  agency 
'  ice,  as  in  the  more  northern  tracts  of  England  and  Scotland 
id  over  large  portions  of  Ireland.  Here  we  cannot  appeal  to 
rrestrial  or  sea-borne  ic«,  to  get  rid  of  the  difficulty  of  tumultuous 
cumulation,  by  supposing  that  icebergs  impinged  upon  alluvial 
atter.  For  no  one  has  yet  ventured  to  suggest,  that  the  heights  of 
utser.  Hind  Head,  or  Leith  Hill  were  the  abodes  of  glaciers,  nor 
18  any  one  detected  appearances  in  the  drift  within  or  without  the 
'^ealden  area  which  can  be  considered  to  have  resulted  from  the 
echanical  action  of  ice  ;  still  less  have  any  species  of  arctic  shells 
•  far-transported  blocks  ever  been  observed  within  the  area  affected  " 
►p.  cit.  p.  395).     Mr.  J.  Evans,  following  Sir  Charles  Lyell,  argues 

a  paper  on  the  Flint  Implements  of  Hants  and  Wilts,  that  the 
rge  blocks  of  sandstone  in  the  gravel  and  on  the  shore  near  Hill 
ead  in  Hampshire  were  transported  by  ice  action,  adding,  **  that 
le  chalk  flints  in  the  gravel,  which  must  have  travelled  a  distance 
■  at  least  twelve  miles,  and  some  of  which  are,  nevertheless, 
itirely  fresh  and  unrolled,  testify  to  a  similar  means  of  transport " 
fourn.  Geol.  Soc.  vol.  xx.  p.  193).  In  my  view  these  facts,  instead 
:'  requiring  the  predicate  of  ice  action  to  explain  them,  testify  most 
3werfully  in  favour  of  a  translating  flood  of  water. 

We  will  now  turn  to  a  theory  which  has  monopolized  attention 
•r  some  years  past,  and  which  has  the  imprimatur  of  some  good 
imes^  among  them  of  my  most  accomplished  Iriend  just  named. 
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Mr.  John  Evans.  According  to  this  theory,  the  gravel  which 
is  so  conspicuous  in  Hampshire  and  the  neighbouring  districts 
is  of  fluviatile  origin  and  marks  the  bed  of  an  ancient  river, 
which  once  flowed  in  a  direction  parallel  to  the  present  ooast-line, 
and  of  whose  channel  the  present  Solent  was  once  a  part  I  confess 
that  I  am  utterly  bewildered  how  to  reconcile  this  theory  with  the 
facts  as  I  have  exanuned  them  with  patience  and  care  for  many  days 
in  this  part  of  England.  In  the  first  place,  the  gravel  presents  no 
single  feature  which  seems  to  me  compatible  with  its  having  been  of 
fluviatile  origin.  It  contains  no  debris  of  fluviatile  organisms,  no 
remains  of  shells,  etc.,  etc.,  which  lived  in  such  a  river.  Snch 
remains  are  common  in  river  gravel  properly  so-called.  Mr.  Belt 
says,  **  When  travelling  in  Russia,  I  examined  the  sands  and  gravels  of 
the  beds  of  the  larger  rivers.  These  rivers  are  frozen  over  for 
several  months  in  the  year,  and  it  seemed  likely  that  the  conditions 
would  be  somewhat  similar  to  those  that  are  supposed  to  have 
existed  in  the  valley  of  the  Thames  at  the  close  of  the  Glacial  period. 
Much  of  the  sand  and  gravel  from  the  rivers  of  Southern  Russia 
was  used  for  ballasting  railways,  so  that  I  had  many  opportunities  of 
examining  it.  I  found  it  in  every  ease  fxdl  of  river-shells,  and  some- 
times one-half  of  the  whole  mass  seemed  to  be  shells.  There  were 
three  species  of  ZJttto,  and  the  little  Nerttina  fluviaiiliSf  especially 
abundant  Where  gravel  from  the  bed  of  the  Thames  is  now 
dredged  up,  it  also  contains  many  shells."  In  the  Angular  drift  we 
find  no  river-shells,  but  on  the  other  hand,  as  in  the  loess  and  the 
loams  that  have  occupied  us  in  previous  papers,  we  have  many 
remains  of  a  purely  terrestrial  origin,  laud-shells,  bones  of  animals, 
and  worked  flints,  the  debris  of  primitive  man. 

If  we  turn  from  the  contents  of  the  beds  we  are  describing  to 
their  texture,  we  shall  bo  even  more  impressed  with  the  difficulty 
of  assigning  a  fluviatile  origin  to  them.  A  very  large  proportion  of 
the  flints  in  these  gravels  is  remarkable  for  being  unrolled  and 
un weathered.  The  fractured  edges  are  sharp  and  unnibbed.  Mr. 
Searles  Wood,  to  whom  we  are  all  so  exceedingly  indebted  for 
liaving  brought  light  into  the  chaotic  regions  of  surface  geolojjy. 
describes  very  graphically  the  nature  and  condition  of  these  flints. 
He  says,  speaking  of  the  mixture  of  the  rolled  pebbles  from  the 
Tertiary  beds  with  the  unrolled  flints :  "  The  especially  noteworthy 
feature  connected  with  this  intermixture  is  that  the  pebbles  and  the 
angular  flints  present  no  intermediate  grades  of  rolling  to  connect 
them ;  so  that  it  is  obvious  this  admixture  of  angular  flint  and 
Teitiary  pebble  cannot,  in  finding  its  way  to  the  positions  it 
occupies,  have  undergone  any  considerable  or  repeated  amount  of  wear 
by  transport.  Instances  occur,  moreover,  in  which  chalk  fragments 
have  occurred  in  this  intermixture.  Considering  how  impossible  it 
is  for  chalk  to  sustain  without  dissolution  any  long -continued  aqueons 
actiouy  this  circumstance  is  also  of  much  importance."  Speaking  of 
these  facts  Mr.  Wood  says :  "  This  feature  seems  to  me  repugnant 
to  any  presumption  that  these  pebbles  have  settled  down  into  their 
present  places  by  successive  transport  from  higher  to  lower  levels 
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uring  a  long-continued  fliiviatile  denudation — because  such  a  suc- 
essive  and  long-continued  transport  could  not  have  failed  to  grind 
he  smaller  pebbles  into  sand,  and  to  reduce  the  angular  flints  into 
11  stages  of  wear,  connecting  them  with  the  pebbles  themselves  *' 
Joum.  G^eol.  Soc.  vol.  zxvii.  pp.  9,  10).  This  is  assuredly  most 
oand,  and  it  seems  to  me  to  make  the  fluviatile  theory  impossible. 
iliver  gravels  are  so  common,  and  can  be  studied  so  easily,  that  it 
leeds  only  a  very  elementary  survey  to  predicate  of  them  that  they 
nvariably  consist  of  rounded  and  rubbed  pebbles,  the  result  of  the 
grinding  action  of  the  stones  against  one  another  in  the  narrow 
roughs  in  which  the  river  flows. 

In  addition  to  the  angular  pebbles,  the  gravel  also  contains  in 
nany  places,  as  is  well  known,  masses  of  grey  wether  sandstone, 
rhe  evidence  furnished  by  these  is  absolutely  at  one  with  that 
»f  the  angular  flints.  Tliey  have  the  same  angular  edges,  which 
preclude  their  having  been  rubbed  and  scoured  by  river  action, 
f  we  turn  from  the  more  solid  contents  of  the  gravel  to  the  matrix 
a  which  they  are  imbedded,  we  have  the  same  story  to  tell.  The 
«bbles  in  river  gravels  for  the  most  part  are  washed  clean,  or  at  all 
vents  are  not  imbedded  in  a  loose  matrix  of  loamy  sand  such  as  is 
hat  which  characterizes  the  angular  gravel  of  the  South  of  England, 
nd  characterizes  it  in  a  very  homogeneous  way  over  a  very  wide 
xtent  of  country.  Again,  in  the  deposits  which  are  unmistakably 
luviatile,  the  beds  are  arranged  in  stratified  fashion,  and  there  is  to  be 
een  evidence  of  a  long-continued  and  secular  deposition  of  materials. 
lere,  on  the  contrary,  evidences  of  stratification  are  almost  entirely 
vanting,  the  arrangement  of  the  materials  of  the  gravel  is  often 
Qost  irregular  and  tumultuous,  a  very  good  specimen  of  this 
rrangement  being  the  one  to  be  seen  in  the  well-known  Sugar  Loaf 
/bine  west  of  Poole  Harbour.  In  many  places,  again,  we  have 
treaks  and  slabs  of  sand  of  more  or  less  lenticular  shape  intercalated 
mong  the  gravel.  In  these  features  surely  we  have  every  sign  that 
he  gravel  was  anything  but  fluviatile.  As  Mr.  Belt  says  of  similar 
leposita  somewhat  further  north  than  the  area  we  are  considering : 
'  The  irregular  and  fitful  stratification,  the  short  lenticular  patches 
f  sand,  the  mixture  of  sand  throughout  the  gravel,  the  large  stones 
t  the  hasoy  the  great  proportion  of  broken  flints  with  slightly  worn 
ngles,  and  the  occasional  oblique  lamination,  are  all  opposed  to  the 
heory  that  the  deposit  is  the  result  of  successive  layers  of  materials 
irought  down  by  a  river  at  diflferent  times"  (Quart.  Joum.  of 
kiience,  2nd  series,  vol.  viii.  p.  329). 

Let  us  now  turn  to  another  feature  of  these  gi*avels.  If  they  had 
•een  deposited  in  a  river  channel,  we  should  surely  have  found  that 
hannel  where  we  can  examine  it  marked  by  the  usual  features  of 
luviatile  beds,  scoured  into  a  tolerably  uniform  trough,  but  here,  as 
lay  be  seen  in  the  magnificent  sections  exposed  along  the  English 
)hannel,  the  gravel  lies  on  the  torn  and  ragged  surface  of  the 
nderlying  soft  strata,  which  is  torn  and  scooped  in  such  a  violent 
nd  irregular  manner  with  projecting  beaks,  etc.,  that  it  is  incredible 
ow  any  river  action  could  have  first  formed  it. 
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Again,  the  gravels  are  found  capping  tbe  oliff  at  Tarious  heights 
up  to  at  least  100  feet,  which  would  require  that  the  river  should 
have  once  flowed  at  a  much  higher  level.  If  the  level  of  the  gravel 
had  been  tolerably  uniform,  tliis  might  have  been  said ;  but  as  it 
follows  the  contour  of  the  rolling  surface  running  down  the  Chinee, 
and  along  the  crest  of  the  highest  ground,  it  is  difficult  to  see  how 
a  river  could  have  deposited  it.  In  walking  fi-om  Bournemouth  to 
Poole  the  position  may  be  studied  with  the  greatest  clearness.  On 
the  easterly  side  of  Poole  Harbour  the  gravels  are  deposited  almost 
at  the  sea-level,  while  near  Bournemouth  they  rise  to  over  100  feet 
above  the  sea-level.  I  walked  over  the  ground  with  great  care  in 
many  directions,  and  everywhere  with  this  fluviatile  theory  in  view, 
and  was  everywhere  impressed  with  the  fact  that  unless  a  running 
stream  can  nm  uphill  as  well  as  down,  and  can  follow  a  rolling 
surface  independent  altogether  of  the  drainage  of  the  country,  that 
it  would  be  literally  impossible  for  a  river  to  deposit  these  gravels. 
It  may  be  said  that  the  whole  section  has  been  since  disturbed,  and 
that  the  rolling  contour  has  been  given  to  the  country  sinoe  the 
deposition  of  the  gravels.  Of  this  not  only  is  there  no  evidence, 
but  the  evidence  is  entirely  the  other  way.  The  greatly  extended 
accumulation  of  gravel  that  occurs  on  the  sides  of  the  Chines,  and 
the  general  absence  of  twisted  or  curved  lines  of  stratification  in  the 
subjacent  strata,  make  it  clear  that  the  gravel,  whatever  the  cause 
of  its  distribution,  was  spread  over  a  surface  whose  contour  was 
practically  the  same  as  that  the  country  has  now. 

Again,  whence  could  such  a  mass  of  uniform  gravel  have  been 
derived  ?  The  river,  as  postulated  by  those  who  make  the  gravel 
fluviatile,  must  assuredly  have  been  a  considerable  river.  Where  in 
any  considerable  European  river  do  we  find  gravel  deposited  in  this 
way  ?  In  the  Rhine,  the  Rhone,  the  Elbe,  the  Dwina,  the  Po,  the 
Don,  and  the  Volga,  the  deposit  is  almost  entirely  that  of  a  fine  mud, 
such  as  forms  the  greater  part  of  known  Deltas ;  but  here  we  have 
a  river  extending  for  at  least  200  miles,  and  depositing  angular 
gravel  all  the  way.  Whence  was  the  material  derived  ?  If  it  be  the 
product  of  denudation  of  the  river  channel  itself,  how  comes  it  that 
the  channel  is  choked  with  gravel  ?  A  river  cannot  at  the  very  same 
place  scoop  out  chalk  and  lay  down  flints  ;  a  very  small  layer  of 
gravel  immediately  protects  the  strata  on  which  it  rests  from  denu- 
dation. Mere  local  patches  could  be  easily  accounted  for,  but  a 
continuous  mantle  from  6  to  18  feet  deep,  and  uniform  in  texture, 
whether  overlying  Cretaceous  or  Tertiary  beds,  is  a  very  different 
thing.  Again,  such  a  river  must  have  been  of  enormous  size.  So 
long  as  we  keep  our  eyes  on  the  Solent,  and  find  both  sides  of  it 
occupied  with  similar  gravel,  we  may  speak  of  a  river  of  modest 
proportions ;  but  when  we  find  that  this  gravel  is  found  not  merely 
on  both  sides  of  the  Solent,  but  on  both  sides  of  the  English  Channel, 
and  extends  in  France  from  Sangatte  to  the  Cotentin,  we  are 
taken  aback  when  told  that  such  gigantic  proportions  have  ever 
been  attained  by  any  European  river.  Where  was  the  drainage 
area  for  such  a  river,  which  can  be  compared  for  size  only  with  the 
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Mississippi  and  the  Amazoa?  Whenoe  oould  its  water  be  derived? 
Whether  we  adopt  the  view  of  Mr.  Codrington  that  it  flowed  from 
West  to  East,  or  that  it  included  the  drainage  of  the  waters  of  the 
rivers  that  now  flow  into  the  North  Sea,  we  are  met  by  a  stupendous 
difficulty  in  postulating  a  river  in  the  West  of  Europe  40  or  50 
miles  wide,  and,  be  it  remarked,  a  rapid  river ;  for  if  it  were  a  slug- 
gish river  only,  it  would  deposit  mud,  but  not  gravel.  The  fact  is  that 
every  way  we  look  at  the  problem  when  we  sift  it  candidly,  we  are 
met  by  difficulties,  inconsistencies,  and  contradictions,  that  make  it 
impossible  for  us  to  regard  the  fluviatile  theory  as  admissible. 

If  we  exclude  marine  and  fluviatile  action,  where  are  we  to  turn 
for  a  cause  sufficiently  patent  and  competent  in  other  ways  to  spread 
the  angular  gravel  as  we  find  it — where  are  we  to  turn,  but  to  the 
cause  which  we  have  already  postulated  so  frequently  ?  This  appeal 
in  the  case  before  us  is  not  a  new  one.  It  is  merely  a  reversion  to 
the  views  held  before  Ly ell's  influence  became  so  overpowering  as 
to  constitute  almost  a  religion. 

Long  before  I  wrote  these  papers,  much  more  distinguished 
observers  than  I  can  ever  hope  to  become  accepted  a  view  more 
or  less  in  harmony  with  that  here  defended,  and  I  shall  not 
scruple  to  turn  to  them  and  to  quote  them  freely.  It  is  the 
fashion  in  some  places — a  fashion  which  I  confess  to  dislike 
exceedingly — to  minimize  as  much  as  possible  the  work  done  and 
the  results  obtained  by  those  on  whose  shoulders  we  stand,  because 
standing  there  we  naturally  see  further  than  they  did.  That  there 
were  great  men  before  Agamemnon  is  a  precept  whiph  has  lost 
its  force  among  some  students  of  geology.  The  old  men  were 
surely  as  honest,  as  keen-sighted,  and  as  well-furnished  with  keen 
wits  as  we  are.  The  evidence  they  had  before  them  was  very 
much  the  same  as  that  we  have,  and  it  follows  that  in  many  cases 
where  fashion  has  turned  elsewhere,  it  may  be  prudent  to  reconsider 
its  steps  and  to  turn  once  more  to  their  teaching.  To  call  that 
obsolete  which  merely  trenches  on  our  prejudices,  and  is  not  incon- 
sistent with  the  facts,  is  to  indulge  in  mere  rhetorical  word-])lay. 
We  liave  no  respect  whatever  for  authority  as  such.  But  when 
a  man,  whose  reputation  it  is  the  fashion  rather  to  paint  in 
chiaroscuro  because  he  lived  before  the  epoch  covered  by  our  im- 
mediate memories,  spoke  a  great  truth,  he  ought  to  have  credit  for 
it ;  and  we  are  equally  trenching  on  questionable  morals  whether  we 
appropriate  his  discovery  or  refuse  to  recognize  it  because  he  lived 
before  the  days  of  our  own  prophet.  The  older  writers  no  doubt 
based  some  of  their  reasoning  on  certain  postulates  which  are  no 
longer  tenable.  No  one  now  would  di'eam  of  suggesting  that  a 
Universal  deluge  or  Noachian  flood,  such  as  formed  the  background  to 
Dr.  Bucklaud's  famous  treatise,  is  evidenced  by  the  facts  as  we  know 
them.  We  at  once  brush  aside  not  only  this,  but  all  other  general 
postulates  as  utterly  vicious.  We  hold  that  to  face  the  facts  ham- 
pered with  the  postulate  of  a  Universal  Deluge  is  as  vicious  as  to  do 
so  hampered  with  the  equally  crippling  postulate  of  uniform  action 
in  scBcula  soBctdorum.     The  facts  alone  are  our  masters,  and  if  a 


440        Mark  W.  Norman — The  Lower  Cretaceous  Beds, 

certain  number  of  them  are  explainable  on  no  other  hypotfaeris  thtfi 
one  which  we  derive  from  them  by  induction,  we  hold  that  until  faofpi 
are  forthcoming  inconsistent  with  it,  we  are  bound  to  reoeive  t^ 
however  many  cheriBhed  prejudices  have  to  go  to  the  wall  in 


sequence.  ^ 

{To  be  continued  in  our  next  Number, ")  ^ 

IL — The  Chlokitio  Marl  and  Upper  Greknband  ov  ths  Isle  OH 

Wight.  $ 

By  Mauk  W.  Norman,  of  Ventnor.  '  " 

(PLATE    X.)  .  .ji 

IT  will  no  donbt  be  remembered  by  some  that  as  far  back  as  tU^. 
year  1858,  in  "The  Geologist,"  Vol.  I.  pp.  480  and  509, 1  pnK* 
lished  a  paper  upon  the  Chloritic  and  Fossiliferous  Marls,  witk 
some  remarks  on  the  Upper  Greensatid,  of  the  Isle  of  Wight,  my. 
object  being  to  point  out  the  difference  between  these  depofiits,  and 
their  organic  remains,  with  the  view  to  their  separation ;  stating  it 
a  reason  that  the  fossils  and  deposits  of  the  upper  beds  which  inter- 
veue  between  the  Chalk  and  the  Upper  Greensand  were  a  distinot 
formation,  and  contained  distinct  fossils  from  those  of  the  beds  below. 

But  like  much  that  has  been  written  upon  the  subject,  both  befora 
and  since,  the  paper  was  no  doubt  defective,  especially  in  the  nomen- 
clature of  the  fossils.     Still,  the  main  facts  remained. 

But  little,  if  any,  interest  was  taken  in  the  matter  at  ihe  time^ 
and  I  therefore  concluded  that  the  subject  had  been  disposed  of  bj 
the  eminent  authorities  who  had  gone  over  the  ground  before.  It 
appears  that  this  was  not  the  case,  however,  as  the  visit  some  time 
ftg^  hy  a  French  geologist  (M.  Barrois)  to  the  Island  has  led  to 
incjuiry,  and  some  controversy,  and  it  now  appears  that  little  or  no 
attempt  had  been  made  (with  but  one  single  exception),  with  the 
view  of  ascertaining  the  changes  in  the  deposits  at  different  heightSi 
and  the  horizontal  range  of  their  fossil  contents. 

Having  had  some  little  experience  during  the  many  years  in 
which  I  have  been  working  on  the  geology  of  this  district,  with 
diffidence  I  now  venture  to  offer  a  few  facts  in  addition  to  and 
including  those  which  I  published  in  1858. 

For  this  purpose  I  have  carefully  measured  ihe  strata  as  a  i¥ho1e» 
and  for  convenience  have  divided  the  series  into  four  divisions,  and 
separated  the  fossils  found  in  each  division.  In  the  description  of 
the  strata  I  have  again  divided  them  into  sections,  as  will  be  seen 
by  the  accompanying  Diagram  (Plate  X.), 

First  Division, 

With  resjiect  to  the  lower  fifty  feet  of  grey  micaceous  sand  and 
clay,  locally  termed  "  rubble  Gault,"  after  a  careful  examination  of 
it  at  different  heights  from  the  Gault  proper,  I  found  no  fossils 
which  could  be  identified.  All  that  could  be  detected  were  some 
fragments  of  shells  scattered  through  the  upper  portion,  which  were 
in  such  a  friable  state  as  to  be  quite  untransportable. 

J  therefore  propose  to  take  as  a  basis  a  bed  of  what  appears  to  be 
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I  -■  *<^  Turrilifes  iuberculnfus,  Brlemniies  minimus.  Ammonites  rosfraius,  A .  MantrlHi, 

t  •*  I  ecfensts,   O^frea  canuafa,   O.   rvsiculan's,  Pecten   asprr,   Pleurotomaria,   various 

t  V  ?'*■•         .  .              ,         ,            ,                                                                                                [Imilu-s. 

Jjj  riquecostatus,  teeth  and  v^rtebnr  of  Shark  {Lamna).  Saurian  remains,  various  sponKoid 

t.^  ;?''«/«';«.  with  rruah«'d  P.  quim^uecostaiHs  and  P.  <u/tfr  (derived),  Exo^ra  cornea, 

■**  .  K'w/a  bipluaia,  Trockocyainus,  iccth  oi  Lamna. 
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,^     jdios.  Fossil  coniferous  wood,  Prcien  quinquecostatus,  Exogyra  (Osirea)  conica,  most 
VTm^  ifiJfa/Hs,  NanUlus  tilled  up  with  chalcedony.  Teeth  of  O/odus  and  Lamna. 


JT  ,J1^  A'aw//7«j  radiatus,  N.  pseudo-eUgans,  Pecten  orbicularis,  P.  elongaius,  CuculUa, 
...*:     ^odics,  Siphonia  Jf'ebs/en,  Pecten  orbicularis^  Exogyra. 
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varians,  Trigonia  sp. 
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^rosiraius. 
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ArMmot$ites  injlatus,  A.  rostratns,    A.  sp.^Panoptea  plicaia,  Serpula  antiquato. 


.^  A.  sft.,  Panopffa  pltcafa,  Tngonia  alaformis,  Pecten  orbicularis,  P.  qinquecostat$ts, 
ro/atiis,  Rhynchonella  latissimus.  Card ium  gent ianum,  Osirea  conica,  Vetmicularia 
■lO^iurius,  Siphonia  Websteri,  Hoploparia  Saxbyi,  Chclonian  remains,  etc. 


^»it'. 


{'   Iltiieridge,  F.R.S.,  F.G.S. 
^^CALK  UY  K.  11.  Scott.] 
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Gault,  being  mucli  darker  and  more  compact  than  the  grey  micaceous 
clay  and  sand  on  which  it  rests,  indicating  an  almost  sudden  cliange 
from  these  to  Qault  It  contains  in  some  places  masses  of  a  dark 
shaly  substance,  and  is  full  of  the  remains  of  Serptda  antiqiiata. 
At  its  base  is  a  thin  band  of  hard  blue  chert  containing  the  crushed 
shells  of  a  large  Tnoceramus ;  on  the  top  of  which  is  another  bed  of 
the  same  material  also  containing  Inocerami  in  a  more  perfect  con- 
dition, with  Panopcea.  The  total  thickness  of  these  lower  beds  is 
about  three  feet ;  they  contain  the  first  organic  remains  which  can 
be  recognized  in  the  series. 

The  next  thirty  feet  above  consists  of  soft  yellow  micaceous  sands, 
divided  by  layers  of  large  nodules  or  concretions  of  Rag,  about  five 
or  six  in  number.  These  nodules,  in  shape  like  a  compressed 
cone,  are  circular,  and  measure  from  a  few  inches  to  three  or  four 
feet  in  diameter.  Nearly  all  of  them,  especially  those  of  the  lower 
zones,  contain,  with  the  layers  of  Rag,  many  fossils,  such  as  large 
Ammonites  (A.  rostratuSf  A.  inftattis) ;  and  groups  of  fossils  often 
occur  in  them.  Some  of  the  lower  concretions  have  a  central 
elevation,  and  some  have  a  phosphatic  tube-like  structure  in  the 
centre,  often  four  or  five  sided ;  they  are  quite  common  in  the  lower 
beds  of  the  black  shaly  masses  mentioned. 

Tlie  layers  of  Rag  and  nodules  are  all  coated  with  the  soft 
micaceous  sandy  matrix  in  which  they  are  imbedded,  which  weathers 
off  on  exposure  to  the  elements,  often  exhibiting  fossils  in  relief  on 
their  surfaces,  especially  in  the  cliffs  East  of  Black  Gang  Chine. 
It  was  from  one  of  these  that  Mr.  Saxby  obtained  his  specimen  of 
Hoploparia  Saxby i  on  the  shore  at  Ventnor. 

This  fossil  is  by  no  means  confined  to  these  lower  beds,  but  ranges 
through  this  and  the  next  division  also. 

Second  Division. 

This  division  I  propose  to  name  the  Sandstone  and  Rag-Beds : 
it  ranges  from  the  before-mentioned  series  up  to  the  Firestone. 

The  first  is  an  irregular  stratified  bed  of  hard  blue  chert,  with 
nodules  of  the  same.  Some  of  the  detached  nodules  are  full  of 
Serpula  aniiquata,  with  other  fossils;  Ammonites  rostratus,  and  a 
large  Ammonite  with  a  rounded  back ;  Pecten  orbicularis,  etc. 
Resting  upon  this  band  is  a  bed  of  compact  reddish-brown  sandstone 
ten  feet  thick,  streaked  with  black  lines,  which  contains  many  fossils 
in  the  lower  three  or  four  feet;  Ammonites  rostratus,  with  other 
unnamed  Ammonites,  Panopcea  is  also  common.  This  is  succeeded 
by  another  bed  of  Rag  of  one  foot ;  and  ten  feet  of  sandstone  of  the 
same  lithological  character  as  the  bed  below,  but  more  compact,  which, 
excepting  the  large  Ammonites  rostratus,  contains  but  few  fossils. 

Resting  upon  these  beds  is  a  thick  bed  of  Rag,  and  seven  alter- 
nating beds  of  soft  sandstone,  divided  by  another  layer  of  large 
conical  flattened  concretions  called  by  quarrymen  "  Whills,"  which 
contain  fossils  such  as  Limas,  Pectens,  Terebrntulce,  etc.  These 
again  are  succeeded  by  two  bands  of  darkly  streaked  laminated 
sandstone  containing  a  species  of  Cardiaster,  with  a  Panop<Ba^  this 
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18  called  the  **  Black  Band."  Resting  on  it  is  a  layer  of  Rag,  with 
a  bed  of  soft  sandstone  of  a  light  grey  colour,  sparsely  fossiliferous ; 
succeeded  by  another  bed  of  Rag  of  one  foot,  which  rests  upon  a 
l)and  of  light  grey  sandstone  of  about  four  feet  thick  ;  it  contains  no 
fossils  except  large  groups  of  semi-silicified  sponge-like  bodies. 

Another  bed  of  hard  blue  Rag  one  foot  thick  succeeds  this,  upon 
which  is  deposited  a  thick  bed  of  close-grained  grey  sandstone  of 
great  economic  importance,  being  in  much  requisition  for  building; 
purposes,  which,  with  a  soft  bed  of  the  same  material  on  the  top,  is 
about  five  feet  thick.  It  is  locally  termed  the  '*  freestone  bed,"  and 
is  more  compact  and  harder  than  the  beds  below  it  This  bed  is 
quarried  and  sawn  into  blocks  for  quoins,  eta,  of  buildings,  and  is 
conspicuous  for  its  thickness  compared  with  the  other  beds  alonfi^ 
the  face  of  the  cliffs  which  form  the  great  wall  of  the  Undercliff 
between  Ventnor  and  Blackgang.  It  is  from  about  32  feet  to  34  feet 
below  the  Lower  Chalk. 

Next  in  ascending  order  is  an  upper  bed  of  Rag  one  foot  thick,  on 
which  i-ests  the  so-called  "  Firestone  "  bed  (by  which  Dr.  Mantell 
proposed  to  name  the  whole  of  the  deposits) ;  which  is  after  all  but 
a  yery  subordinate  member  of  the  group,  consisting  merely  of  a  bed 
of  hard  laminated  sandstone,  from  8  ins.  to  9  ins.  thick ;  and  a  layer 
of  Rag  9  ins.  thick,  sucoeeded  by  an  upper  bed  of  the  same  litho- 
logical  character ;  the  whole  averaging  about  two  feet  in  thickness. 
ITiis  bed  was  locally  called  "  Firestone  "  by  the  old  inhabitants  of 
the  Undercliff,  and  used  as  a  substitute  for  bricks  for  fire-places  and 
the  bottoms  of  ovens. 

Third  Division  (Chert  Beds). 

This  division  consists  of  from  twenty  to  twenty-four  beds  of  chert 
and  laminated  siliceous  sandstone  alternating  with  each  other  .and 
very  unevenly  bedded  throughout,  some  of  the  beds  varying  in 
thickness  from  a  few  inches  to  two  feet ;  the  seams  of  the  sandstone 
being  interstratified  with  large  conci'etions  of  Rag,  in  the  same  line 
of  bedding.     The  layers  of  sandstone  vary  much  in  thickness. 

This  division  also  contains  three  or  four  beds  of  black  and  dark 
grey  flinty  chert,  the  lowermost  of  which  is  about  two  feet  thick,  and 
called  by  Dr.  Mantell  **  coarse  chalcedony."  The  upper  beds  are 
crowded  with  spicula  of  sponges. 

Besides  these,  there  are  several  thin  bands  of  white  brittle  chert, 
apparently  siliceous,  and  breaking  into  square  fragments. 

This  series  of  deposits  is  very  sparsely  fossiliferous,  the  fossils 
being  chiefly  derived.  Some  of  the  layers  contain  comminuted 
shells  with  single  waterworn  valves  of  Ostrea  conica,  etc. 

I  have  upon  two  or  three  occasions  discovered  a  large  Nnntilns  in 
the  upper  beds  of  this  series  of  deposits,  the  chambers  of  which  were 
filled  with  a  dark  blue  chalcedony. 

Fourth  Division  (Chloritic  Marl,  etc.). 

Deposited  upon  a  seam  of  irregular-bedded  Rag,  being  the  top- 
most layer  of  the  chert  beds,  is  a  layer  of  laminated  pea-green  sand, 
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about  one  foot  four  inches  thick,  which  indicates  an  almost  sudden 
change  in  the  deposits.  A  thin  seam  of  comminuted  shells  runs 
through  this,  with  numerous  entire  single  valves  of  Fecten  orbicu- 
laris, and  Pecten  quinquecostatus. 

An  irregular  layer  of  misshapen  pbosphatic  nodules  is  imbedded 
between  the  last-named  layer  and  the  Chloritic  Marl  above.  These 
nodules  are  derived;  many  of  them  have  the  remains  of  sponges 
and  shells  adhering  to  them,  and  some  of  them  bave  the  appearance 
of  having  been  pierced  by  Zilhodami.  Interstratified  with  them  are 
various  species  of  Sponges,  Polyzoa,  etc.,  with  Shark  and  reptilian 
remains.  Imbedded  on  these  nodules  is  a  seam  of  green  sandy 
materials  marked  by  meandering  lines,  and  patches  of  marl  upon  the 
upper  part,  which  is  unfossiliferous  in  the  neighbourhood  of  Ventnor, 
particularly  in  the  lower  part,  in  contact  with  the  nodules.  This 
seam  is  of  a  dark  green  colour,  and  contaiiis  Saurian  remains,  with 
Pecten  asper,  P.  orbicularis,  and  Pecten  quinquecostatus. 

Upwards  from  the  dark  green  sandy  bed  the  deposits  gradually 
merge  into  that  of  a  light  grey  colour  with  dark  grains.  In  some 
localities  this  bed  is  permeated  by  iron,  but  its  composition  partakes 
largely  of  marl ;  this  is  the  first  indication  of  a  change  from  chert 
Hag  and  sandstone  to  the  Chalk  into  which  it  gradually  merges.  It 
is  full  of  fossils  and  fragments  of  fossils,  and  sponge-like  bodies, 
mostly  pbosphatic,  and  Ammonites,  It  weathers  easily,  when  numerous 
fossils  are  exposed  in  relief  on  the  surface  of  the  fallen  blocks 
which  strew  the  shore  of  the  Undercliff. 

From  the  waterwom  appearance  of  most  of  the  organic  remains 
they  seem  to  have  been  derived  from  some  older  stratum,  and  to 
have  been  deposited  under  the  influence  of  strong  currents.  Curiously 
enough,  I  came  upon  two  distinct  specimens  of  Ammonites  rostratus, 
a  short  time  ago,  in  the  Quarry  at  the  Railway  Station,  which  I 
have  never  before  met  with  above  the  five  feet  building  stone, 
upwards  of  thirty  feet  below. 

A  large  per-centage  of  the  fossils  have  their  equivalents  in  the 
Chalk  Marl,  in  which  has  been  foimd  Nautilus  pseudo-elegans,  N, 
expansus.  Ammonites  rostratus,  A,  Mantelli,  A.  varians,  Pecten  asper, 
Ostrea  carinata,  etc. 

With  reference  to  the  diagram,  I  must  acknowledge  the  great 
assistance  rendered  me  by  Mr.  R.  S.  Scott,  the  Town  Surveyor, 
of  Ventnor,  in  drawing  it  out,  and  reducing  the  measurements  to 
scale. 

I  am  also  greatly  indebted  to  Barnard  Meyers,  Esq.,  of  the  Belle- 
Vne  Estate,  Ventnor,  for  allowing  me  free  access  to  the  Quarries  on 
the  Estate,  by  which  I  have  been  enabled  to  procure  many  specimens 
of  organic  remains,  and  who  also  presented  me  with  several  large 
Ammonites  which  I  have  included  in  the  collection  for  the  British 
Museum  which  accompanies  this  paper. 
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IIL— NoT«  ON  Ellipsoc^sis  Dswalqvei,  a  hew  Phtllopod  CauffT*- 

CSAK  Shield  from  this  Uppeb  Betonian  op  Beloich.' 

By  Hekby  Woodwaud,  LL.D.,  F.E.S.,  F.G.S., 

at  the  British  Museum  (Natural  Hutorj). 

THE  epecimen  which  forma  the  subject  of  tbia  note  has  been 
kindly  placed  in  my  bands  by  Professor  G.  Dewalque  for  ex- 
amination, and  IB  of  extreuie  interest  and  importance  to  me  in 
my  reeearches  upon  the  Fossil  Crustacea.  It  is  not,  as  was  at  first 
supposed,  the  nietastome  of  EurypUrs*  or  of  PUrygobu  ;  on  the 
contrary,  it  represents  an  almost  entire  carapace  of  a  new  genus  and 
species  of  Pbjllnpod  Crustacean  allied  to  PeltoearU. 

The  name  PeUocaria  was  given  by  Mr.  J.  W.  Salter,  in  1863,=  to  s 
circular  head-shield  of  a  Pbyllopod  from  the  Llandeilo  Flags,  Dum- 
friesshire, having  a  semicircular  cervical  suture  (<:,  d,  c)  and  a 
straight  dorsal  suture  {d,  d)  (Fig.  1). 

Fio.  1.  Fio.  2.  Fio.  3. 

Shield  of  PellBcaru.  BUcinocaru. 

Tn  186G,'  I  described  another  fonr  of  hend- 
sbield  of  a  Pliyllopod  from  the  Lower  Silurian 
of  Dumfriesshire,  under  the  name  of  Jfineino- 
earis  {Fig.  2),  having  a  rectangular  cervical 
suture  (c,  e,  e)  and  no  doi-sal  suture. 

In  1872,'  1  described  a  third  form  of  Pbyl- 
lopod shield,  from  the  Middle  Silurian  of 
Hawick,  under  the  name  Apli/ekopeis,  in  which 
the  cervical  suture  is  rectangular  (Fig.  3.  c,  d.  e) 
and  a  straight  dorsal  suture  d,  d,  is  alsopresfnt. 

The  specimen  with  which  I  have  now  been 
favoured  by  Professor  G.  Dewahjue  offers  a 
fourth  fomi  to  this  interesting  scries  of  Pbyl- 
lopod shields  from  the  Upper  Devonian.  It 
presents  us  with  an  elliptical  shield  (Fig.  4), 
in  which  the  cervical  suture  (c,  c,  c)  is  semi- 
circnlnr,  as  in  Pehoearis,  but  the  dorsal  suture 
is  abtent,  as  in  Diteinoearta.  Etliptoearii. 

'  Translated  from  the  Annnlea  de  la  Soci6t£  G£ologique  de  Belgiqne,  Aug.  1882, 
T.  viii.  Mfmoires,  4,  pp.  45-49. 
'  Quart.  Jouni.  Geol.  Soc,  toI.  lii.  p.  88,  fig.  1,  pi.  ui,  fif[.  10  (1863). 
'  tiunrt.  Journ.  Geol.  Soc.  toI.  xiii-  p.  fi04,  pi.  ttv.  figs,  4-7- 
•  Geol.  Mao.  I8T2,  Vol.  IX.  p.  £04,  id.  1673,  Brit  «asoc.  Bep.  1872. 
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We  have  then  the  following  characters  presented  by  thesi  Phyllo- 
pods: — 

JptyehopsU  (Fig.  3),  H.  Woodw. 

a.  Carapace  divided  along  the  mesial  line  by  a  dorsal  suture. 

b.  Cervical  suture  rectangular. 
Diseinocarit  (Fig.  2),  H.  Woodw. 

a.  Carapace  entire,  no  dorsal  suture. 

b.  Cervical  suture  rectangular. 
FeltoeariM  (Fig.  1),  Salter. 

0.  Carapace  divided  along  the  mesial  line  by  a  dorsal  suture. 
b.  Cervical  suture  semicircular. 
£llipto€aru  (Fig.  4),  genus  nov.,  H.  Woodw. 

a.  Carapace  entire,  no  dorsal  suture. 

b.  Cervical  suture  semicircular. 

Ellipsocarta  Dewalquei,  'EL  Woodw.  gen.  and  sp.  nov. 

Specific  Description, — This  interesting  specimen  was  obtained  by 
Professor  Dewalque  from  the  base  of  the  "schistes  de  Frasnes," 
being  the  lowest  stage  of  the  Famennienne  series  or  Upper  Devoniiin 
system,  at  Corablain- la-Tour,  in  the  Province  of  Liege. 

The  carapace,  which  is  elliptical  in  form,  is  preserved  upon  the 
surface  of  a  slab  of  pale  drab-coloured  shale,  and  is  50  millimetres 
in  greatest  length,  24  mm.  in  greatest  breadth ;  the  depth  of  the 
semicircular  cervical  suture  is  14  mm.  and  12  mm.  across  the  cervical 
portion.  The  surface  is  ornamented  by  numerous  fine  concentric 
lines  of  growth  ^fh  of  a  millimetre  apart ;  and  by  a  wide  irregular 
network  of  reticulations.  Between  the  concentric  lines  of  growth 
the  carapace  is  also  covered  with  very  minute  transverse  wrinkles 
or  vertical  bars  often  branched  and  inosculating  with  each  other. 
This  ornamentation  closely  agrees  with  that  seen  upon  the  valves 
of  Esiheria,  notably  on  those  of  Estheria  elliptical  Dunker  (see 
Mon.  Pal.  Soc.  " Fossil  Estheria"  by  Prof.  T.  Rupert  Jones,  1862, 
4to.  p.  103-4,  pi.  iv.  fig.  7.  See  also  Estheria  Murchisonia,  Jones, 
op.  cit.  p.  100,  pi.  iii,  fig.  3). 

The  concentric  striae  have  frequently  been  noticed  more  or  less 
distinctly  in  all  these  Phyllopod  shields,  but  this  is  the  first  specimen 
in  which  I  have  seen  this  delicate  transverse  wrinkling  between  the 
lines  of  growtlu 

I  have  much  pleasure  in  dedicating  this  new  form  under  the  name 
of  ElUpsocaris  Dewalqfiei  to  my  friend  Prof.  G.  Dewalque,  its  dis- 
coverer. 

I  have  examined  a  large  number  of  head-shields  of  Phyllopod 
Crustaceans,  from  the  Silurian,  Devonian,  and  Carboniferous,  belong- 
ing to  the  genera  Ceratiocaris,  Aptychopsis,  Caryocaris,  Discinocaris, 
and  Peltocaris ;  and  I  find  that  the  absence  of  the  small  anterior 
cephalic  portion  of  the  shield,  in  front  of  the  cervical  stiturCy  is  a 
common  condition  in  the  fossilization  of  these  remains.* 

As  it  was  to  this  part  of  the  shield  that  the  muscles  of  the  maxil- 
li pedes  were  attached,  when  the  animal  died,  or  (what  is  of  still 
more  common  occurrence)  when  it  exuviated,  the  carapace  would 

^  Several  specimens  in  the  British  Museum  have  this  anterior  (cephalic)  portion  of 
the  carapace  preserved  in  ^tu,  so  that  it  existed  in  all  without  any  manner  of  doubt. 
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be  more  likely  to  be  ruptured  along  this  suture  than  anywhere  else, 
as  no  doubt  the  lateral  portions  of  the  shield  were  free,  as  in  the 
living  genus  Apus,  the  appendages  being  all  fixed  near  the  head  to 
the  anterior  portion  of  the  carapace  in  front  of  the  cervical  suture. 

Ellipaocaris  Dewalquei  is  not  an  exception  to  this  rule,  being  also 
destitute  of  the  small  (cephalic)  anterior  portion  of  the  shield  in 
front  of  the  cervical  suture.^ 


IV. — Supplement  to  a  Chaptbb  in  the  History  of  Meteorites. 

By  Waltee  Flight,  D.Sc.,'  F.G.S. 
{Continued  from  p.  429.) 

Part  IL 
1744,  December  10th  (before  this  date).    Hizen,  Japan.' 

Dr.  Divers  has  drawn  attention  to  two  Japanese  meteorites,  the 
property  of  a  gentleman,  ]Mr.  Naotora  Nabeshima,  formerly  Daimiyo 
of  Ogi  or  Koshiro,  in  the  province  of  Hizen,  Japan.  They  are 
heirlooms  in  his  family,  and  used  to  be  in  the  care  of  the  priests  of 
one  of  the  family  temples  in  Ogi,  called  Fukuchi-  in  Gk>mado.  After 
the  revolution  the  temple  was  closed.  In  the  family  archives  there 
is  a  record  of  these  stones  having  been  entrusted  some  years  after 
their  fall  to  a  priest  named  Jishobo,  which  is  dated  December  10th, 
1744,  and  his  receipt  for  them  is  also  preserved;  they  must  there- 
fore have  fallen  about  150  years  ago.  They  were  formerly  among 
the  offerings  annually  made  in  the  temple  in  Ogi  to  Shokujo 
(Tanabatatsume)  on  her  festival,  the  7th  day  of  the  7th  month  ;  they 
were  connected  with  her  worship  by  the  belief  that  they  had  fallen 
from  the  shores  of  the  Silver  River,  Heavenly  River,  or  Milky  Way, 
after  they  had  been  used  by  her  as  weights  with  which  to  steady 
her  loom. 

The  meteontes  are  somewhat  similar  in  appearance,  being  angular 
masses,  evidently  fragments,  irregular  quadratic  pyramids  in  shape. 
The  smaller  shows  a  nuraher  of  small  pits  or  depressions.  Faintly 
marked  thin  ridges  and  streaks  are  to  be  seen  on  both  stones, 
radiating  with  some  regularity  from  about  the  centre  of  the  base 
over  the  basal  edges  towards  the  apex  ;  the  edges  and  faces  are  all 
rounded,  and  have  the  usual  very  thin,  nearly  black,  coating.  The 
interior  is  light  grey  in  colour,  earthy,  porous,  somewhat  soft,  and 
interspersed  with  particles  of  nickel-iron  and  a  few  of  troilite.  The 
larger  stone  weighs  5*6  kilog.,  the  smaller  4*6  kilog.  The  density 
of  the  stone  was  found  to  be  8*62. 

The  analysis  made  by  Mr.  Shimidzu,  one  of  the  students  of  the 
Kobu  dai  Gakko,  led  to  the  following  results  : — 

1  Since  this  paper  appeared  in  the  Annals  of  the  Geological  Society  of  Belgium  in 
August  last  I  have  published  descriptions  of  a  scries  of  five  now  forms  of  Phyllopod 
shields  from  the  Upper  Devonian  of  the  Eifel  imder  the  genera  Cardiocaris  and 
FholadocarU.     See  Geol.  Mag.  1882,  September  No.,  pp.  385-390,  PL  IX. 

«  E.  DiTers,  Atiatto  Sac,  Japan,  Tojtiyo,  Feb.  9th,  1882.     Chemical  New»,  1882, 

sue. 
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Iron       •••     •••    . 

Nickel,  etc 

Manganese     ...     . 

Tin,  etc 

Iron  monosulphide 
Iron  chrondte 
Phosphoric  acid     . 
Silicic  acid     ...    . 
Magnesia 


••• 


15-85 
1-76 
018 
0-15 
6-91 
0-61 
0-34 
36-76 
23-36 


Iron  monoxide,  as  silicate 
ijime        ••.    ...     ...     .•• 

Alumina 

OOUtt    ...        «(.        •.•         ...        ... 

X  oxasQ  .a*  ...  ••.  ... 
Manganese  monoxide  ..• 
Nickel  oxide    .. 


••• 


8-64 
1-94 
1-89 
0-97 
0-16 
0-51 
0-30 

9901 


Or,  an-anged  mineralogically  : — 

xiicKoi'iroii  •••     •«•     •••     •••     9««     ••• 

XiilUlM7««*    •••    •••    •••    •••    •••    ••• 

Olivine  (silicic  acid  =  13-10)      

Insoluble  silicates  (silicic  acid  «=  24*30) 
Chromite      


17-43 

5-91 

32-89 

43-16 

0-61 

100-00 


If.  in  aooordanoe  with  the  suggestion  of  Baron  Nordenskjold/  tlie 
quantities  of  oxygen  are  neglected,  it  is  found  that  the  proportion 
between  the  elements  in  this,  and  the  Orvinio  stone  (August  8 1st, 
1872),  and  in  the  meteorite  of  Tajima,  Japan  (February  18th,  1880), 
are  practically  identical,  thus  establishing  the  interesting  fact  that 
meteorites  which  fell  in  Japan  one  hundred  and  fifty  years  ago  have 
tlie  same  composition  as  some  of  those  which  have  fallen  recently, 
both  in  Japan  and  on  the  other  side  of  the  globe. 

Hizen. 


Iron 

•  ••          ••  • 

39-70 

Manganese 

*  *  *          •  ■  • 

0-86 

Tin    



0-22 

Sulphur     ... 

•  ■  •          •  •  • 

3-27 

Phosphorus 

•  • •          •■  • 

0-22 

Chromium... 

0-43 

Silicium    ... 

•  •  •          •  •  • 

2606 

Ma^eniura 

«  •  •          •  ■  • 

21-30 

Nickel  and  Cobalt   ... 

302 

Calcium     ... 

•  •  •          ■  •  • 

2-11 

Aluminium 

•  •  •          •  •  • 

1-53 

Sodium 

•  •  •          •  •  • 

1-09 

Pofaussium... 

•  •  •          •  •  • 

019 

1-44.7 


J 


Orvinio. 

e 

Tajima 

I. 

II. 

•  •  • 

43-60 

43-29 

42-65     ... 

1-10 

1 

0-30 

2-25 

26-09 

26-65     .'.'.' 

24-47 

21-28 

20-18     ... 

19-66 

3-16 

4-71     ... 

3-86 

2-46 

2-66     ... 

2-80 

1-75 

1-91     ... 

1-37 

1-59 

1-10     ... 

0-38 

0-38 

• 

0-34     ... 

0-26 

100-00 


10000 


10000 


10000 


1766,  July.    Albareto,  Hodena,  Italy.' 

Tbis  meteorite,  which  is  now  said  to  have  fallen  at  Albarello,  has 
been  analyzed  with  the  following  results  : — 


Iron      

4-332 

Majniesia 

...     22-773 

Nickel 

0-730 

Lime     ... 

...       2073 

Cobalt 

0-105 

Potash  ... 

...       0-440 

Sulphur        

2-364 

Soda      ... 

...       1-637 

Silicic  acid    

35-913 

Loss 

...       0-840 

Iron  oxide     

Alumina        

24 -.'^1.'? 

4-479 

99-999 

*  Jahrbuch  fiir  Mineraloj^ie,  1879,  77. 

'  The  cementing  substance  is  I.,  and  the  granular  matter  is  II. 

3  P.  Maibsen,  0(tzzetta  chimica,  x.  20. 
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With  traces  of  manganese  and  chFomiura.  The  silicate  soluble  in 
hydrochloric  acid  appeared  to  be  anedogous  to  olivine,  and  the 
insoluble  silicate  to  bronzite. 

1845,  May  (about  dusk).— Barratta  Plain,  Deniliquin,  Australia.' 

It  was  stated  in  an  issue  of  The  Atutralasian  of  the  date  given 
below  that  Mr.  H.  C.  Russell,  the  Astronomer- Royal,  while  visit- 
ing Deniliquin,  succeeded  in  acquiring  for  the  Sydney  Museum  the 
greater  part  of  a  meteorite  which  fell  "  some  years  ago  "  at  Barratta 
Station,  35  miles  "  below  Deniliquin."  The  stone  originally  weighed 
3001bs.,  but  it  had  been  broken  up  and  fragments  had  b^n  distri- 
buted as  curiosities.  An  announcement  appeared  in  1874  to  the 
effect  that  Mr.  Liversidge,  of  the  University  of  Sydney,  had  made  a 
preliminary  examination  of  its  composition.  No  details  seem  to  have 
yet  appeared. 

From  a  paper  since  issued  by  Liversidge  it  appears  that  the  pieces 
of  stone  originally  weighed  about  2  cwt.  The  large  mass  weighs 
•145  lbs.,  and  this  must  at  first  have  amounted  to  from  150  to  157  lbs. 
Of  the  two  pieces  found  near  the  large  mass,  one  weighing  about 
4  lbs.  has  been  lost,  the  other  weighed  60  to  70  lbs.,  and  was  taken 
to  the  Editor  of  the  Pastoral  Times  newspaper  at  Deniliquin,  and  it 
also  has  been  lost. 

Barratta  Station  is  situated  on  a  vast  plain,  on  which  no  signs  of 
rocks  can  be  seen ;  the  largest  stone  to  be  found  weighed  2  oz.  A 
stockman  named  Jones  remembers  the  fall,  which  took  place  about 
dusk  one  evening,  when  a  large  body  like  a  bush  on  fire  making  a 
loud  hissing  or  roaring  noise  came  from  the  S.E.  and  passed  over- 
head. Some  fencers  who  were  camped  four  miles  N.W.  of  the 
Barratta  homestead  saw  "  a  thunder  and  lightning  stone  "  fall  on  the 
ground  near  their  camp.  It  fiightened  them  because  they  saw  it 
coming  directly  towards  them,  but  it  fell  about  a  quarter  of  a  mile 
distant.  It  was  found  half-buried  in  the  ground,  which  it  had 
ploughed  up  for  a  considerable  distance.  It  was  cracked  in  seveml 
places.  It  is  believed  to  have  been,  when  found,  30  inches  in 
diameter  and  about  12  inches  thick.  This  would  make  it  one  of  the 
largest  stones  the  fall  of  which  has  been  put  on  record. 

A  preliminary  chemical  examination  of  the  stone  by  Liversidge 
shows  it  to  consist  of  92  per  cent,  of  silicates  of  magnesium,  iron, 
and  aluminium,  and  about  8  per  cent,  of  magnetic  minerals.  The 
proportion  of  nickel-iron  is  small  in  the  extreme,  amounting  to  from 
0063  to  0-086  per  cent.,  and  cobalt  is  stated  to  be  entirely  absent. 
On  the  outside  it  has  a  blackish  fused  crust  and  the  outer  layers 
appear  to  possess  a  strongly  laminated  structure  to  the  depth  of  from 
three-quarters  of  an  inch  to  one  inch.  Below  this  the  stone  is  much 
more  compact,  and  granular,  inclosing  numerous  spheroidal  bodies. 
Under  the  microscope  small  grains  of  green  mineral  resembling 
olivine  are  to  be  seen,  also  particles  of  a  yellow  mineral  which  passes 

»  The  Australasian,  April  22nd,  l^ll.— Nature,  iv.  (1871),  212.— See  also  The 
Journal  of  Science,  January,  1874,  123. — The  Deniliquin  or  Barratta  Meteorite.  By 
Archibald  Liversidge.     1873.     Sydney :  T.  Ilichards,  GoYemment  Printer. 
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into  brown.  The  specific  gravity  of  the  outer  layer  is  3-382.  The 
inner  part  of  the  stone  has  a  distinctly  chondritio  structure ;  some  of 
the  chondra  are  comparatively  large,  from  one-sixteenth  to  one- 
eighth  of  an  inch  across,  and  a  few  are  a  little  larger.  The  specific 
gravity  of  this  portion  of  the  stone  is  3*503.  Mr.  Russell,  who  took 
the  density  of  the  large  block,  makes  it  3'387.  The  grey  granules 
were  submitted  to  a  superficial  examination  and  showed  the  reactions 
of  bronzite. 

I  have  to  thank  Prof.  Liversidge  for  sending  me  several  micro* 
scopic  sections  of  this  very  important  meteorite. 

The  Siderolite  of  Eittersgriin.— Found  1833.' 

The  examination  by  Dr.  Clemens  Winkler  of  the  siderolite  of 
Rittersgriin,  Saxony,  shows  it  to  accord  closely  in  composition  with 
the  siderolite  of  Breitenbach  in  Bohemia,  examined  some  years  since 
(1871)  in  the  Laboratory  of  the  Mineral  Department  of  the  British 
Museum;  and  to  strengthen  the  view  expressed  at  the  time  that 
these  bodies,  as  well  as  the  meteorite  of  SteinbaCh  in  Erzgebirge 
were  probably  members  of  the  same  fall,  possibly  of  the  "  Eisenre- 
gen"  reported  on  by  Sartorius  (died  1609)  as  having  fallen  "im 
Meissnischen  "  at  Whitsuntide,  1164. 

The  Rittersgriin  meteorite  was  found  in  1833  by  a  workman  em- 
ployed  in  clearing  the  forest,  and  offered  for  sale  as  old  iron  to  a 
smith,  but  without  success ;  but  in  1861  it  came  to  the  notice  of  the 
lamented  Professor  Breithaupt,  and  was  secured  for  the  mineral 
collection  of  the  Bergakademie,  of  Freiberg.  Its  mean  diameter 
is  0-43  metre,  and  its  weight  86*5  kilogrammes.  It  has  recently 
been  sawn  through  in  Vienna,  a  troublesome  and  costly  labour 
extending  over  two  months.  An  excellent  chromo-Iithograph  of  the 
surface  thus  exposed  was  prepared  by  Professor  Weisbach,  in  1876, 
and  published  with  a  few  notes.' 

The  meshwork  of  nickel-iron  of  the  siderolite  incloses  the  follow- 
ing minerals :  troilite,  asmanite,  bronzite,  and  chromite ;  the  metallic 
portion  constitutes  about  51*06  per  cent.,  and  the  non-metallic  ingre- 
dients about  48*94  per  cent  of  the  stone,     llie  nickel-iron  contains :  — 

Fe  Ni        Co         Ca         P  S  Si  C    Asmanite. 

89-990     9*740     0230     0*035     0150     0011     0*066       Trace     0-056     =   100-278 

which  constituents  may  be  arranged  as  follows : — 

Xickol-iron  FcgNi     98-995 

Iron-nickel  phosphide  (FeNi)4P       0-293 

Iron  phosphide  FejP 0*539 

Iron  silicidt' FesSi     0-330 

Iron  sulphide  FeS     0-030 

Iron  carhide       Trace 

Copper        0-035 

Asmanite    0-056 


100-278 

^  C.  Winkler,  Nova  Acta  der  K.  Leop.  Carol.y  Deut,  Akad.  der  Naturforseher, 
Jd.  Nr.  8,  333.     Halle,  1878. 

'  Der  Eisenraeteorit  von  Rittersgriin  im  Sachsischen  Erzgebirge.  By  A.  W.  1876. 
Freiberg  Kon.  Bergakad. 

DECADE   II. — TOL.    IX. — NO.    X.  29 
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The  iron  sulphide,  regarded  as  troilite,  when  in  the  form  of  pieces, 
is  not  acted  upon  by  the  magnet,  and  when  in  the  form  of  powder, 
but  feebly  so.  The  ratios  of  iron  to  sulphur  in  troilite  or  iron  mono- 
sulphide,  and  in  magnetic  pyrites,  differ  in  so  small  a  degree  that 
the  analytical  re-sults  do  not  always  put  the  question  at  rest  It  is 
moreover  a  question  whether  the  meteoric  sulphide,  associated  as  it 
is  with  nickel-iron,  does  not  actually  contain  some  of  the  metal  as 
an  ingredient  The  numbers  obtained  in  these  analyses  are  as 
follow : — 

Calculated 

I. 

Iron      63-63  65-87 

Nickel   —  1-40 

Sulphur        ...     36-37  34-27 

Silicic  acid    ...      —  — 


Found 

II. 

III. 

63-58 

63-00 

_ 

1-02 

36-42 

35-27 

— 

0-67 

100-00    101-54     100-00     99-96 

The  asmanite  appears  to  have  the  density  of  2-274-2*278,  and  the 
following  composition : — 

SiO'        FcjOj      CaO  and  MgO.        Loss  on  Ignition. 
95-77*        316  Trace  1-07         =     100-00 

97-84  1-65  „  101         =     100-50 

As  regards  the  crystalline  form  of  this  mineral,  Weisbach  considers 
that  the  recent  researches  of  Schuster  and  of  Von  Lasaulx  have 
placed  almost  beyond  any  doubt  the  identity  of  tridymite  and  asma- 
nite. It  occurred  to  the  author  that  the  relative  solubility  of  tridy- 
mite and  asmanite  in  potash  solution  should  be  determined,  and^in 
as  nearly  parallel  experiments  as  it  was  possible  to  devise,  it  was 
found  that  of  tridymite  from  Siebenbiirgen  49*63  parts,  and  of  asma- 
nite from  Rittersgriin  43-88  parts,  were  dissolved. 

Tlie  brouzite,  the  most  prominent  of  the  non-metallic  minerals, 
was  obtained  in  a  pure  form  with  comparative  ease.  It  is  but 
slightly  aflfected  by  the  blowpipe,  and  is  not  acted  upon  by  acids 
with  the  exception  of  hydrogen  fluoride.  Its  specific  gravity  is  33 10. 
It  possesses  the  following  composition  : — 


I. 

11. 

III. 

Silicic  acid     

67-27 

56-56 

56-5G 

Alumina         

2-28 

2-05          ..           2-04 

Iron  protoxide 

10-99 

10-74 

10-09 

Manganese  protoxide 

0-41 

0-42 

0-55 

Mai^nesia       

24-78 

25-13 

25-59 

liime       

1-77 

2-52 

1-66 

Soda       

not  determined    ... 

1-43 

1-43 

Cliromite        

0-94 

0-98 

0-98 

98-44  99-83  98-90 

No  trace  of  olivine  was  met  with  in  this  material. 

Heated  in  vacuo  the  substance  of  the  meteorite  lost  0-23  per  cent. 
of  its  weight,  and  the  gas  evolved  took  fire,  but  was  so  small  in 
quantity  that  it  could  not  be  further  examined.  The  meteorite 
possesses  the  **  crust  of  fusion  "  in  a  fully  developed  form ;  it  is  of 
about  the  same  thickness  as  a  sheet  of  paper,  and  close  under  it  are 

*  By  difference. 
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found  the  mixture  of  the  minerals  troilite,  asmanite,  and  bronzite,  of 
an  unaltered  light  brown  colour,  although  they  turn  deep  black  when 
raised  to  a  temperature  slightly  above  that  at  which  lead  melts.  The 
author*s  pages  conclude  with  some  considerations  on  the  probable 
temperatures  of  meteorites  in  their  passage  through  our  atmosphere. 

1840. — ^De  Calb  Co.,  Ga,ryfort,  Tennessee.^ 
Brezina  points  out  that  in  Tschermak's  Catalogue^  this  iron  is 
described  as  compact,  and  in  Hose's  Beschreibung  und  Eintheilung  it 
is  shown  to  resemble  that  from  Babb's  Mill.  A  fine  section,  acquired 
from  Professor  L.  Smith,  shows  it  to  be  rightly  placed  near  the  irons 
of  Arva  and  Sarepta.  Almost  every  band  of  kamacite,  1-6  to  3 
millimetres  across,  carries  a  bar  of  porous  schreibersite ;  band-iron 
and  interstitial  iron  are  sparsely  present,  and  of  a  dull  grey  colour. 
Two  inclosed  pieces  of  troilite,  from  3  to  4  mm.  diameter,  are  sur- 
rounded by  schreibersite  from  1*5  to  2  mm.  thick,  and  around  this  is 
an  irregular  shell  of  beam-iron. 

1841,  September  6th. — St.  Christophe-la-Chartreuse,  Commune  de 

Roohe-Servidres,  Vendue.' 
Tlie  fall  of  this  stone,  which  was  accompanied  by  a  double  detona- 
tion resembling  thunder  and  a  luminous  appearance,  took  place  in 
the  vineyards  of  St.  Christophe  at  the  above  date.  It  created  quite 
a  panic  in  the  surrounding  country;  on  the  first  day  none  of  the 
peasants  would  approach  it ;  one  could  only  look  with  fear  in  the 
direction  where  it  lay,  it  was  said  ;  but  on  the  following  day  a  young 
man,  who  was  escorted  to  the  spot,  found  it  out  and  brought  it  away 
with  him. 

The  stone  weighs  5*500  kilogrammes,  and  is  in  the  hands  of  a 
proprietor  who  was  neither  disposed  to  communicate  any  information 
respecting  it,  nor  to  allow  any  fragments  to  be  removed.  M.  Daubr^e 
has  therefore  to  content  himself  with  registering  its  existence,  which 
up  to  the  present  time  has  not  been  placed  on  record. 

Found  about  1850. — Pittsburg,  Alleghany  Co.,  Pennsylvania.^ 
This  large  mass  of  meteoric  iron,  weighing  132  kilog.,  was  turned 
up  by  a  plough  at  Pittsburg.  It  was  briefly  described  at  the  time 
by  Silliman,  and  has  now  been  analyzed  by  Dr.  Genth.  The 
specific  gravity  appears  to  be  7*741 ;  and  the  chemical  composition 
of  a  somewhat  oxidized  specimen  was  found  to  be 
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*  A.  Brezina,  Sitzber.  Akad.  Wiss.  1880,  Ixxxii.  Oct.-Heft. 
«  Mineraloff.  Mitth.  for  1872,  165. 

'  (jr.  A.  Daubree,  Compt.  rend.y  1880,  xci.  30. 

*  F.  A.  Genth,  Amer.  Journ.  Sc.  1876,  vol.  xii.  p.  72.      Report  of  Geological 
Survey  of  Fennsylvania,  1875. 
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Tlie  pliospborns  corresponds  with  about  1*8  per  cent,  of  schrei- 
bersite.  The  iron,  when  etched,  exhibits  Wiedmannstattian  figures, 
and  the  presence  of  minute  crystals  of  a  phosphide  could  be 
recognized  on  the  surface  of  the  section. 

{To  be  continued  in  our  next  Number,) 

V. — Notes  on  the  Bure  Valley  Beds  and  the  Westleton  Beds. 

By    Horace    B.    Woodward,    F.G.S.  ; 
of  the  Geological  Surrey  of  England.^ 

IN  two  papers,  read  in  1881,  before  the  meeting  of  the  British 
Association  at  York,  Prof.  Prestwich  has  discussed  the  structure 
and  distribution  of  certain  deposits  which  he  has  called  "The 
Mundeeley  and  Westleton  Beds/'  In  his  opinion  they  occupy  an 
horizon  "between  the  Chillesford  Beds  and  the  Lower  Boulder-clay." 

My  work  on  the  Geological  Sui*vey  in  Norfolk  has,  however,  led 
me  to  conclusions  that  differ  in  important  particulars  from  those  of 
Prof.  Prestwich,  and  chiefly  in  the  correlation  of  beds  in  several 
localities.  As  his  papers  have  at  present  been  published  only  in 
brief  abstract,  it  is  not  possible  to  criticize  them  with  justice  to  the 
author ;  but  as  a  year  has  now  elapsed  since  the  conclusions  were 
made  known,  I  may  be  pardoned  for  submitting  my  own  views  for 
discussion  at  the  present  time. 

All  who  have  paid  attention  to  the  geological  literature  of  Norfolk, 
know  that  the  nomenclature  of  the  Pliocene  and  Post-Pliocene 
deposits  is  in  a  most  confused  and  deplorable  condition,  chiefly  on 
account  of  the  many  subdivisions  made  in  the  strata,  and  the 
difficulty  of  correlating  with  certainty  those  made  in  one  place  with 
those  made  in  another. 

In  papers  read  before  the  Norwich  Geological  Society  in  1878,*  I 
endeavoured  to  convince  my  hearers  that  in  Norfolk,  at  any  rate,  the 
introduction  of  the  words  **  Chillesford  Clay  "  had  been  the  root  of 
nearly  all  the  evil  in  the  shape  of  confused  or  complicated  classifica- 
tion. Coming  into  Norfolk  (in  1875)  from  a  county  where  the 
thickness  of  some  of  the  rocks  was  reckoned  by  thousands  of  feet, 
I  may  perhaps  have  contemplated  with  too  little  respect  divisions 
that  dwindled  into  inches.  No  less  than  five  subdivisions  had  been 
made  in  the  Pliocene  Beds,  where  they  reached  about  30  feet  in 
thickness :  and  of  these  nearly  all  had  two  or  three  names.  But 
most  distressing  of  all  was  the  indiscriminate  identification,  by  some 
observers,  of  the  famous  Chillesford  Clay,  with  any  micaceous  and 
laminated  clay-seam  that  was  developed  in  the  series  of  Pliocene 
(Crag)  beds  between  the  Chalk  and  Glacial  Drift.  So  false-bedded 
is  this  series  that  no  dependence  can  be  placed  on  these  identifica- 
tions. Seams  and  '* jambs"  of  laminated  clay  occur  at  all  horizons 
in  the  Norwich  Crag  Series.  Such  is  conspicuously  the  case  in  the 
Pliocene  beds  on  the  Norfolk  coast,  where  Messrs.  Wood  and  Harnier 
have  indeed  failed  to  identify  this  Chillesford  Clay,  although  it  has 
been  detected   there  by  Mr.  Gunn  and    Mr.  J.   H.   Blake.     Even 

'  Communicated  by  permission  of  the  Director- General  of  the  Geological  Survey 
'  Proc.  Norwich  Geol.  Soc.  vol.  i.  pp.  22,  49. 
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Prof.  Prestwioh,  while  applying  the  name  to  olay-beds  in  various 
places,  observes  that  '*  In  Norfolk,  however,  as  the  sands  and  shingle 
overlying  the  Chillesford  Clay  become  interstratified  with  beds  of 
laminated  clay  very  similar  in  appearance  to  the  Chillesford  Clay, 
itjmight  be  a  question  whether  the  bed  which  I  have  referred  to 
that  deposit  in  Norfolk  belongs  to  it.  or  whether  the  Chillesford 
Clay  is  represented  by  the  Laminated  Clays  of  Mr.  Gunn."  ^  This 
questionable  position  is  after  all  the  safest  one  to  take  up  ;  but  as  an 
instance  of  the  intricate  nature  of  the  case,  I  may  mention  that  on 
one  occasion  of  a  meeting  in  Norfolk,  when  the  discussion  about 
these  clay-beds  waxed  warm,  a  distinguished  Norfolk  geologist 
exclaimed  that  he  thought  after  all  that  the  Chillesford  Clay  at 
Chillesford  was  not  the  Chillesford  Clay  I  So  much  for  this  inter- 
esting deposit. 

The  Westleton  beds,  which  Professor  Prestwich  described  in 
1870,  from  the  village  of  Westleton,  between  Yoxford  and  Dunwich 
in  Su£folk,  attain  at  this  typical  locality  ''  a  thickness  of  from  30  to 
40  feet,  and  consist  of  a  series  of  stratified  beds  of  well-rounded 
flint-pebbles  imbedded  in  white  sand,  and  with  two  or  three  sub- 
ordinate beds  of  light-coloured  clay,"  looking,-  as  Prof.  Prestwich 
remarked,  "  more  like  the  pebble-beds  of  Blackheath  than  any 
other  beds  in  the  Eastern  counties.'*'  Continuations  of  these 
Westleton  Beds  have  been  traced  to  Southwold,  Henham  Park, 
Hedesworth,  and  other  places  in  Suffolk — localities  which  I  believe 
are  rarely  fossil iferous,  and  yield  no  distinctive  species.  In  Norfolk, 
however,  the  Westleton  Beds  have  been  correlated  with  certain 
deposits  grouped  as  "  Bure  Valley  Beds "  by  Messrs.  Wood  and 
Harmer,  described  in  1866  by  the  former  geologist  under  that 
name,'  and  known  also  as  the  "  Pebbly  Sands  and  Pebble  Beds." 
When,  therefore,  Prof.  Prestwich 's  paper  was  published  in  1871, 
Messrs.  Wood  and  Harmer  opposed  the  introduction  of  the  term 
**  Westleton  Beds,"  and  expressed  their  indignation  in  a  footnote  on 
pp.  XV  and  xvi  of  the  Introduction  to  the  Supplement  to  the  '  Crag 
Mollusca '  (1872). 

The  Bure  Valley  Beds  comprise  most  of  the  pebbly  sands  and 
gravels  that  overlie  the  Chalk  and  underlie  the  Lower  Glacial 
Brickearth  (Contorted  Drift,  etc.),  in  the  valley  of  the  river  Bure. 
They  are  characterized  by  Tellina  Balthica,  and  chiefly  on  account 
of  the  presence  of  this  shell,  the  Bure  Valley  Beds  were  separated 
from  the  Norwich  Crag  by  Messrs.  Wood  and  Harmer,  and  grouped 
by  them  as  Lower  Glacial.  The  typical  Bure  Valley  Beds  were 
described  by  them  at  Belaugh,  Wroxham,  Crostwick,  etc. ;  and 
only  at  Horstead,  Coltishall,  and  Burgh-next- Aylsham,  were  fossili- 
ferous  sections  of  the  Norwich  Crag  (Chillesford  Beds)  recognized, 
by  these  authorities,  in  the  Bure  Valley.  During  my  geological 
survey  of  the  district  I  failed  to  find  any  satisfactory  separating  line 
between  the  so-called  Bure  Valley  Beds  and  the  Norwich  Crag,  and 

1  Quart.  Journ.  Geol.  Soc.  vol.  xxvii.  p.  470. 
'  Quart.  Journ.  Geol.  Soc.  vol.  ixvii.  p.  461. 
•  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  547. 
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I  have  united  them  under  the  more  comprehensive  name  of  the 
*'  Norwich  Crag  Series."' 

The  grounds  on  which  Messrs.  Wood  and  Harmer  separated  the 
Bare  Valley  Crag  from  the  Norwich  Crag  have  proved  to  be  unsound. 
The  Bure  Valley  Crag  is  paleeontologically  identical  with  the  Wey- 
boum  Crag,  as  they  origiimlly  pointed  out  Both  beds  contain  the 
Tellina  Balthica,  But  as  my  colleague  Mr.  C.  Keid  has  shown,  the 
Weyboum  zone  is  to  be  traced  at  the  base  of  the  Forest  Bed  Series, 
at  Sherringham  and  other  places ;  whereas  another  bed,  at  a  higher 
horizon,  since  called  the  ^*  Leda-myalis  bed  '*  by  Mr.  Reid,  was  also 
correlated  by  Messrs.  Wood  and  Harmer  with  the  Bure  Valley  Beds.* 
Thus  we  have  a  fossil! ferous  zone  at  the  top,  and  another  at  the  base 
of  the  "  Forest  Bed  Series,"  both  of  which  have  been  called  the  Bare 
Valley  Beds  ;  and  this  is  the  reason  why  some  observers  have  stated 
that  the  Norwich  Crag  overlies  the  Forest  Bed  of  Cromer,  while 
others  have  maintained  that  the  Crag  underlies  it  The  true  fossili- 
ferous  Bure  Valley  Zone,  however,  as  just  stated,  occurs  at  the  base 
of  the  Forest  Bed  Series,  and  is  represented  by  the  Weyboum  Crag. 
The  Telltna  Balthica  thus  occurs  beneath  beds  which  Messrs.  Wood 
and  Harmer  have  grouped  as  "  Pre-glacial,"  and  their  argument  that 
this  shell  is  confined  to  Glacial  and  more  recent  deposits  loses  all 
weight'  Their  argument,  too,  that  the  Bure  Valley  Beds  are  in 
places  interbedded  with  the  Cromer  Till,  likewise  disappears,  when 
it  is  seen  that  the  Bure  Valley  Beds  occupy  this  lower  horizon  on 
the  coast  For  the  same  reason,  also,  the  Mundesley  and  Westleton 
Beds,  identified  by  Prof.  Prestwich  on  the  Cromer  coast,  are  not  the 
same  as  the  Bure  Valley  Beds  inland. 

In  his  address  to  the  Norwich  Geological  Society  (1880)  my 
colleague  Mr.  J.  H.  Blake  has  retained  the  use  of  the  term  "  Bure 
Valley  Beds  "  for  the  upper  zone  on  the  coast  before  mentioned — 
the  Leda-myalis  bed.*  This  is  unfortunate,  especially  as  he  admits 
the  Weyboum  Crag  (the  Bure  Valley  Beds  proper)  to  be  part  of  the 
Norwich  Crag.  Amid  such  confusion  of  terms  I  should  fear  in  the 
end  that  (as  with  the  Chillesford  Clay),  there  would  after  all  be  no 
Bure  Valley  Beds  in  the  Bure  Valley  I 

Another  reason  given  by  Messrs.  Wood  and  Harmer  for  separating 
the  Bure  Valley  Beds  from  the  true  Crag,  was  that  at  Henham  and 
other  places  in  Suffolk,  these  beds  rested  unconformably  upon  the 
Chillesford  Beds  beneath.  We  now  come  to  the  critical  point  The 
question  arises,  Are  the  Westleton  Beds  of  Westleton  the  same  as  the 
Bure  Valley  Beds  of  the  Bure  Valley  ?     I  do  not  believe  they  are. 

The  Bure  Valley  Beds  may  be  traced  southwards  from  the  Bure 
Valley,  across  the  valley  of  the  Yare  into  the  valley  of  its  little 
tributary  the  Chet,  at  Sizeland,  Mundham  St  Peter,  and  Burgh 

^  Geology  of  England  and  Wales,  1876  ;  Geology  of  the  Country  around  Norwich 
(Geol.  Survey),  1881. 
2  See  Geol.  Mao.  Dec.  II.  Vol.  IV.  p.  300,  Vol.  VII.  p.  648,  Vol.  VIII.  p.  382. 

*  Proc.  Norwich  Geol.  Soc.  vol.  i.  pp.  48,  142. 

*  Proc.  Norwich  Geol.  Soc.  vol.  i.  pp.  150,  169;    see  also  C.  Reid,  Geol.  Mag. 
Dec.  II.  Vol.  VIII.  p.  382. 
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^ptoQ,  west  of  Loddon.  The  beds  consist  of  false-bedded  pebble- 
gravel  and  sand  with  seams  of  laminated  micaceous  sand  and  clay, 
streaks  of  clay,  and  clay-balls  ;  altogether  twenty  feet  and  more  in 
thickness.^  Like  most  other  formations  they  present  a  facies  more 
easily  recognized  than  described.  The  sand  is  sometimes  white,  and 
jften  of  a  bright  orange-colour. 

The  Westleton  Beds  are  to  be  traced  northwards  from  Halesworth 
t;o  Thorpe-next-Haddiscoe,  east  of  Loddon.  Probably  no  one  would 
dispute  this  correlation.  At  Thorpe-next- Haddiscoe  we  find  15  to 
20  feet  of  buff  sand  and  shingle — dovetailing  one  into  the  other. 
The  general  aspect  of  these  Westleton  Beds  and  of  the  Bure  Valley 
Beds  is  quite  distinct  Until,  however,  the  mapping  of  the  area  was 
finished,  I  was  not  satisfied  that  the  beds  were  on  different  horizons. 
The  Westleton  shingle  was  traced  in  several  pits  in  the  parishes  of 
Heckingham  and  Norton  Subcourse.  Further  west,  at  Hardley,  I 
traced  this  pebble-gravel  in  connexion  with  the  Lower  Glacial 
brickearth,  and  came  to  the  conclusion  that  it  was  the  newer 
deposit,  overlying  the  brickearth ;  thus  making  the  Westleton  Beds 
in  this  neighbourhood  of  the  same  age  as  the  ''Middle  Glacial" 
Sands  of  Messrs.  Wood  and  Harmer.  At  Hardley  Hall  the  pebble- 
gravel  was  shown  in  a  pit,  underlain  to  the  north-east  by  clay, 
which  I  take  to  be  the  Lower  Glacial  brickearth,  as  this  deposit  was 
again  displayed  in  a  pit  about  a  mile  to  the  west,  where,  in  its 
characteristic  form  of  the  **  Contorted  Drift "  or  Stony  loam,  it 
rises  as  a  boss  into  the  overlying  sand  and  gravel. 

At  Chedgrave,  again,  the  pebble-gravel  (Westleton  Beds)  was 
well  exposed,  passing  in  short  distances  into  sand,  and  these  beds 
evidently  overlaid  the  Lower  Glacial  brickearth,  which  was  shown 
in  pits  by  the  Manor  House.  Higher  up  the  valley  the  Bure  Valley 
Beds  (Norwich  Crag  Series)  were  exposed,  beneath  the  Glacial 
brickearth. 

Although  we  have  not  the  actual  sections  to  demonstrate  the 
succession  of  the  beds  as  here  maintained,  the  evidence  obtained  by 
mapping  (in  the  form  of  the  ground,  etc.),  is  sufficient  to  justify 
a  confident  assertion  that  su(jh  is  the  structure.  Only  by  these  means 
can  minute  correlation  be  carried  on  from  one  tract  to  another  in 
the  variable  deposits  of  Norfolk.  The  published  longitudinal 
sections  of  the  country  taken  inland,  it  must  always  be  remembered, 
while  clearly  expressing  the  views  of  the  authors,  are  not  necessarily 
statements  of  facts  observed,  for  very  seldom  are  pits  opened  deep 
enough  to  furnish  all  the  desired  information.' 

llie  evidence  in  the  neighbourhood  of  Loddon  shows  that  the 
pebble-gravel  of  Haddiscoe  is  Glacial,  and  distinct  from  the  Bure 
Valley  Beds  which  are  connected  with  the  Crag.  From  this  it  may 
be   inferred   that   the   similar   beds  of  Halesworth,  Henham,  and 

*  See  Memoir  on  the  Geolo^  of  the  Country  around  Norwich  (Geol.  Survey),  pp. 
85,  106. 

*  See  on  this  subject,  the  remarks  of  Messrs.  Wood  and  Harmer,  Quart  Joum. 
Geol.  Soc.  vol.  xxxiii.  pp.  84-86,  and  their  Section  across  the  Ket  (or  Chat)  Valley, 
Ibid.  p.  93. 
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Westleton  are  not  Bare  Valley  Beds,  but  that  they  also  are  of 
Glacial  age.  This  supposition  is  sufficiently  startling  to  need  a 
little  further  support,  if  possible. 

I  may  here  quote  a  passage  written  by  Mr.  Harmer  in  1869.  He 
says,  ''  The  only  doubt  felt  by  Mr.  Wood  and  himself  in  connexion 
with  the  beds  of  the  Crag  series  in  Norfolk  is,  whether  or  not  the 
pebbly  sands  of  Belaugh  and  Wey bourne  are  identical  with  the 
pebbly  sands  and  pebble  beds  which  overlie  the  Chillesford  Clay  in 
the  neighbourhood  of  Norwich,  of  Loddon,  of  Halesworth,  and  of 
Becoles,  or  whether  they  do  not  form  a  still  later  deposit"  ^  These 
remarks  show  ijiere  was  room  for  doubt.  The  uncertainties  of 
geological  correlation  are,  however,  borne  out  in  a  remarkable  way 
as  I  have  elsewhere  mentioned.'    In  the  summer  of  1876  I  had  the 

i)leasure  of  accompanying  Mr.  J.  H.  Blake  in  an  excursion  to  West- 
eton  and  Dunwich.  We  then  satisfied  ourselves  that  the  Westleton 
i^hingle  was  the  same  as  that  exposed  at  the  top  of  the  Dunwich 
Cliff.  Mr.  Whitaker  has  informed  me  that  he  has  come  to  the  same 
conclusion.  There  can  indeed  be  no  question  about  the  matter, 
when  the  beds  are  traced  directly  from  one  spot  to  the  other. 

The  shingle  at  Westleton  was  originally  grouped  as  Lower  Glacial 
(equivalent  to  their  Bure  Valley  Beds)  and  that  at  Dunwich  as 
Post-Glacial'  (Plateau  gravel)  by  Messrs.  Wood  and  Harmer; 
while  the  former' was  grouped  as  Pre-glacial,  and  the  latter  as  Inter- 
glacial  by  Prof.  Prestwich.  Thus  the  Dunwich  pebble-gravel  was 
regarded  by  Prof.  Prestwich  as  on  the  same  horizon  as  the  "  Middle 
Glacial "  sands,  which  he  called  Inter-glacial  Boulder  sands  and 
gravels.  The  Dunwich  shingle  is  indeed  a  portion  of  the  main  mass 
of  beds  which  constitute  the  **  Middle  Glacial "  formation  of  Messrs. 
Wood  and  Harmer.  This  agrees  with  the  evidence  obtained  near 
Loddon. 

Hence  not  only  are  the  Westleton  Beds  distinct  from  the  Bure 
Valley  Beds  (Norwich  Crag  Series),  but  they  must  be  distinct  from 
the  Mundesley  Beds  which  underlie  the  Lower  Glacial  Drift  on  the 
Norfolk  coast. 

I  should  not  omit  to  mention  that  in  places,  as  at  Sotterley, 
between  Beccles  and  Southwold,  Messrs.  Wood  and  Harmer  have 
detected  pebble-gravel  beneath  the  Lower  Glacial  Brickearth — this, 
however,  may  belong  to  the  Norwich  Crag  Series.  Moreover,  there 
are  beds  of  laminated  brickearth,  at  Rockland,  Surlingham.  Diss, 
and  other  places  in  Norfolk,  that  overlie  the  sands  and  gravels 
grouped  as  Middle  Glacial,  and  are  directly  overlain  by  the  Chalky 
Boulder  Clay. 

For  my  own  part,  under  the  term  **  Lower  Glacial  Drift,"  I  would 
include  not  only  the  Cromer  Till  and  Contorted  Drift,  but  also  the 
"Middle  Glacial,"  as  I  regard  them  as  intimately  connected  :  hence 
the  Westleton  Beds  would  be  Lower  Glacial,  the  Mundesley  Beds 
would  come  in  the  debateable  ground  called  Pre-glacial,  the  Bure 
Valley  Beds  are  Pliocene. 

»  Oeol.  Mao.  Vol.  VI.  p.  234.  '  Proc.  Norwrich  Gcol.  Soc.  vol.  i.  p.  47. 

'  This  was  owing  to  the  dovetailing  of  a  mass  of  Chalky  Boulder  Clay. 
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P.S. — I  would  add  that  the  term  "  Pre-glaoial,"  though  sometimes 
a  convenient  word  to  use,  is  very  objectionable  in  any  system  of 
classification.  The  "  Pre-glacial "  beds  on  the  Norfolk  coast  are 
stratigraphically  connected  with  the  Pliocene  strata,  and  although 
they  present  some  palsBontological  features  that  serve  to  connect  the 
Crag  deposits  (Pliocene)  with  the  Qlacial  Drift  (Pleistocene),  I  agree 
with  my  colleague,  Mr.  Reid,  in  grouping  the  Norfolk  Pre-glacial 
or  Forest  Bed  Series  with  the  Pliocene  rather  than  with  the.  Pleisto- 
cene deposits.^ 

YI. — On  the  Cause  of  the  Depression  and  Re-elevation  of  the 

Land  during  the  Glaoial  Period. 

By  Thomas  F.  Jamieson,  F.G.S. 
{Concluded from  p.  407.) 

Application  of  the  Hypothesis — England. 

In  England  the  ice  seems  to  have  heen  heaviest  in  Wales  and  the 
N.W.,  and  lightest  on  the  East  and  S.E.,  where  it  appears  to  have 
thinned  off  altogether,  and  the  evidence  of  depression  corresponds 
with  this.  If  we  draw  a  line  from  Dover  to  Anglesea,  we  find  proof 
of  great  submergence  in  Wales,  decreasing  to  zero  as  we  approach 
the  English  Channel.  And  Prof.  Hughes  of  Cambridge,  in  a  recent 
paper  **  On  the  Evidence  of  the  Later  Movements  of  Elevation  and 
Depression  in  the  British  Isles,"  read  before  the  Victoria  Institute, 
says :  "  As  we  trace  these  movements  north  to  the  borders  of  the 
mountains,  we  find  evidence  of  greater  sinking  and  greater  elevation." 
....'*  Along  the  mountain  chains  the  movements  were  always 
greater."  Then  as  to  the  order  in  which  the  movements  took  place, 
we  find  the  following  statements : — "  This  point  is  clear  that  after 
glacial  times  the  land  went  down  below  the  sea,  and  then  the  ice 
was  lifted  and  melted  off.  After  that  the  land  began  to  rise."  In 
like  manner  Professor  Ramsay  writes :  *  Of  this  I  am  certain  that 
probably  during  and  certainly  after  the  largest  extension  of  glacier- 
ice,  the  land  underwent  a  process  of  submersion  "  (Phys.  Geol.  of 
Gt.  Britain,  5th  ed.  p.  411).  **  After  what  seems  to  have  been  a  long 
period  of  partial  submergence,  the  country  gradually  rose  again  " 
(i6.  p.  419). 

It  is  impossible  not  to  see  how  closely  this  order  of  events 
corresponds  with  the  hypothesis  I  am  advocating,  and  this  same 
order  seems  to  have  been  the  rule  in  all  glaciated  regions.  The 
land  is  first  heavily  loaded  with  ice,  then  it  goes  down  and  the  ice 
clears  off,  after  which  the  land  comes  up  again.  The  chief  sub- 
mergence or  depression  seems  to  have  always  followed  hard  upon 
the  great  glaciation  of  the  country,  and  the  disappearance  of  the  ice 
which  then  took  place  is  followed  by  the  land  rising  again.  The 
conclusion  seems  obvious. 

In  Ireland  the  Rev.  Maxwell  Close  and  Professor  Hull  require 

*  Mr.  Reid's  Memoir  on  the  Geology  of  the  Country  around  Cromer  (in  the  press) 
will  give  full  particulars  of  these  aeposits.  See  also  Prof.  W.  Boyd  Dawkins, 
Address  to  Department  of  Anthropology,  Brit.  Assoc.  1882. 
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the  same  train  of  eventB.  First  a  great  cx)vering  of  ice,  then  a 
submergence  beneath  the  sea,  during  which  the  glacier  vanishes,  and 
after  that  the  land  comes  up  again. 

NoBTH  America. 

The  lower  part  of  the  Mississippi  basin,  as  described  by  Hilgard 
(American  Joum.  of  Science,  voL  xlvii.  p.  77,  1869),  seems  to  afford 
good  evidence  of  a  depression  having  taken  place  in  the  northern 
part  of  that  valley  after  the  commencement  of  the  Glacial  Period. 
The  lowest  bed  he  calls  the  Orange  Sand,  which  he  says  bears 
evidence  of  having  been  formed  by  a  rapid  current  of  water  flowing 
down  the  valley.  The  mineral  character  of  the  pebbles  which  it 
contains  shows  that  the  material  came  from  the  northward.  Above 
the  Orange  Sand  there  are  swamp  and  lagoon  deposits,  and  heavy 
beds  of  fine  silt  or  loess,  indicating,  according  to  Hilgard,  a  period 
of  slow  secular  subsidence.  In  these  beds  there  are  no  marine 
fossils ;  the  organic  remains  are  of  terrestrial  and  freshwater  animals. 
Now  these  features  are  quite  intelligible  on  the  supposition  that  the 
weight  of  the  great  glacier  which  lay  on  the  region  to  the  north- 
ward caused  a  slow  and  gradual  depression  of  the  area  beneath  it, 
and  thus  lowered  the  gradient  of  the  river  and  led  to  a  more  sluggish 
flow  of  the  water,  so  that  it  was  no  longer  able  to  carry  along  gravel 
and  pebbles,  but  stagnated  in  pools  and  marshes.  Lastly  the 
denudation  of  the  Loess  shows  that  when  the  ice  disappeared,  the 
northern  area  rose  again,  but  not  to  so  great  a  height  as  it  had  before, 
during  the  time  of  the  Orange  Sand. 

American  geologists  also  seem  to  think  that  it  is  impossible  to 
account  for  the  freshwater  drift  and  terraces  along  the  great  lakes 
without  supposing  a  depression  of  that  region  to  have  taken  place 
after  the  commencement  of  the  Glacial  period  ;  a  depression  which 
seems  to  have  been  greatest  on  the  northern  side  of  the  lakes  and  to 
have  diminished  to  the  south  of  them.'  It  is  evident  Dr.  CroU's 
theory  can  give  us  no  help  here  nor  in  the  Mississippi  Valley,  for 
there  is  no  trace  of  the  presence  of  the  sea. 

Along  the  borders  of  the  lakes  there  are  terraces  of  finely  strati- 
fied clay  and  sand,  many  of  which  lie  at  a  much  greater  height  than 
the  wide  stretch  of  low  ground  to  the  southward,  which  divides 
these  lake-basins  from  the  head- waters  of  the  Mississippi  and  Ohio. 
The  country  from  Lake  Erie  round  the  southern  border  of  Lake 
Michigan  consist*  of  a  wide  extent  of  low  land  or  plain  opening  into 
the  basin  of  the  Mississippi  and  Ohio,  so  that  were  we  to  dam  up 
the  present  outlet  of  these  lakes  to  the  eastward,  and  raise  the  water 
to  the  level  of  these  upper  terraces,  it  would  flow  freely  away  by 
these  wide  openings  down  to  the  Gulf  of  Mexico.  At  first  it  was 
supposed  by  Desor,  and  other  geologists  who  led  the  way  in  explor- 
ing the  district,  that  these  beds  were  marine,  and  that  the  waters  of 
the  Gulf  of  Mexico  had  formerly  extended  up  the  valley  of  the 
Mississippi  into  the  heart  of  the  continent;    but  the  progress  of 

^  Dana  says  the  terraces  on  the  north  side  of  Lake  Ontario  are  very  much  higher 
than  those  on  the  south  side.     See  his  '*  Manual  of  Geology,"  2nd  ed.  p.  552. 
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investigation  by  Mr.  Whittlesey  and  others  soon  overthrew  this 
notion,  for  no  recent  marine  fossils  oould  anywhere  be  found,  and  all 
the  organic  remains  that  were  detected  turned  out  to  be  land  and 
freshwater  shells,  together  with  some  bits  of  trees  and  plants.  It  is 
also  manifest  that  had  the  warm  waters  of  the  Gulf  penetrated  so 
far  into  the  interior  of  the  Continent  the  effect  would  have  been  to 
carry  such  an  amount  of  heat  thither  that  glacial  conditions  would 
have  been  impossible.  American  geologists  are  now  agreed  that  the 
glacier  at  one  time  filled  the  basins  of  all  the  great  lakes  and  even 
stretched  a  good  way  beyond  them,  while  Dr.  Newberry  and  others 
suppose  that  as  the  ice  melted  and  shrank  back  to  the  north  a  body 
of  freshwater  formed  in  front  of  it  and  filled  the  area  that  the  ice 
abandoned;  in  this  lake  which  bathed  the  southern  margin  of  the 
glacier  the  sediment  was  deposited  that  now  forms  the  stratified 
clay  and  sand.  Such  a  sheet  of  water  would  at  present  escape  down 
the  St  Lawrence  and  out  by  the  Mohawk  and  Hudson  valleys  to  the 
Atlantic ;  but  during  the  Glacial  period  its  exit  in  that  direction 
appears  to  have  been  barred  by  the  ice  that  lay  across  its  path  and 
blocked  all  the  outlet  to  the  north  and  east.  It  seems  probable  that 
the  thicker  ice  which  lay  to  the  north  and  north-east  would  continue 
to  fill  up  that  outlet  for  a  long  time  after  the  thinner  ice  melted  away 
from  the  southern  shores  of  the  western  lakes ;  and  it  has  been  as- 
certained that  as  the  lake  was  gradually  lowered,  its  waters  found 
their  way  out  into  the  valleys  of  the  Mississippi,  the  Wabash,  nnd 
the  Ohio  by  channels  which  can  still  be  traced  with  the  greatest 
clearneps.  That  the  ice  was  thicker  to  the  east  of  the  lakes  is  proved 
by  the  fact  that  the  glacier  moved  along  the  basins  of  Lake  Ontario 
and  Lake  Erie  from  N.E.  to  S.W.,  as  appears  from  the  ice-marks  on 
the  rocks.  On  this  point  the  American  geologists  seem  to  have  no 
doubt.  ^  This  shows  that  the  glacier  must  have  been  heavier  at  the 
eastern  extremity  of  Lake  Ontario  than  it  was  at  the  west  end. 

It  is  clear,  therefore,  that  if  a  lake  existed,  such  as  Dr.  Newberry 
maintains,  its  escape  to  the  southward  must  have  been  prevented  by 
the  relative  level  of  the  land  in  that  direction  having  been  higher 
than  it  is  now.  In  other  words,  the  northern  area  must  have  been 
relatively  lower.  But  this  northern  area  was  just  that  which  was 
longest  occupied  by  the  ice,  and  as  it  gradually  melted  away  the 
land  seems  to  have  regained,  to  some  degree,  its  former  height.  My 
idea  therefore  is  that  the  immense  weight  of  ice,  which  accumulated 
over  the  basin  of  the  lakes  and  the  region  to  the  north  and  east, 
occasioned  a  depression  of  the  area  on  which  it  lay,  and,  after  this 
weight  was  taken  off"  by  the  ice  melting,  the  depressed  tract  slowly 
rose  again.  I  think,  however,  that  the  recovery  of  level  was  not 
complete,  and  that  the  Canadian  ridge  has  never  regained  the  height 
it  had  at  the  commencement  of  the  Glacial  period.  Dana  in  the 
2nd  edition  of  his  Manual  expressly  says  that  the  amount  of  depression 
increased  northward  so  that  the  beds  of  rivers  flowing  southward 
had  a  diminished  slope. 

*  See  Newberry's  Surface  Geology  of  Ohio,  p.  76  ;    also,  G.  J.  Hinde  in  the 
Canadian  Journ.  for  April,  1877  ;  au^  Dana's  Manual,  2nd  edition,  p.  636. 
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TL«  rahJiws  hfA%  vhicfa  rjoear  at  Lake  C^UDplBfi  ftzkd  aloD|r  ^ 
Taller  of  tL«r  St.  La vretioe  hare  not  b<«n  tmoed  intc*  the  faau  (]f 
Lake  Ontario.  aJtLoii;rii  thej  reacii  to  KinsvoosL.  vbicb  is  clcfie  lo  ia 
ett«Urru  eztreiuhy.  Sow  «»  tLe  preifcxiT  i^rel  of  Cteurio  is  230  iaeC 
luy^ve  tL«  aea,  aod  the  Ligi*«st  marine  bei»  at  llaDtrea]  roaeh  up  to 
470,  it  i*  erideiit  iLat  io  tbe  prewtLt  ooufignraiioii  of  the  oc-mmr.  a 
aea  reaehiij;;  thie  lerel  at  Mootrtsal  vcmld  en^ead  iBt^  mod  eover  all 
Lake  Outario.  But  the  atrata  around  Lake  Ontario  are  laevstriae. 
and  a^i  far  aa  hitherto  explored  have  yielded  noddng  bat  land  aad 
freshwater  f'^aila,  aud  not  a  trace  of  the  marine  *.hells  have  anj- 
where  been  ^#t  which  are  ao  common  io  the  sanda  and  eUytof 
Montreal  and  Qoehec  We  are  therefore  driTes  to  the  ocmdasoa 
that  the  tea  water  aomehow  did  not  gain  aooess  to  the  area  of  tlia 
great  lakes,  or,  if  it  did,  the  deposits  left  br  it  hare  since  been  re- 
moved. But  we  have  seen  that  other  facts  point  to  the  oooclosion 
tliat  the  ice  must  have  vanished  from  the  lake  region  long  before  it 
di appeared  from  the  valley  of  the  St.  Lawrence:  so  that  if  the 
depression  was  caused  hy  ice,  the  lake  r^on  wonld  be  sooner  re- 
lieved from  pressure,  and  wonld  regain  its  height  long  before  the 
St.  Jjawrence  district  did  so.  The  submergence  of  the  latter  would 
tlierefore  take  pkoe  after  the  shores  of  Lake  Ontario  had  risen,  and 
the  sea- water  would  consequently  not  extend  into  the  lake  basin; 
moreover  the  ice,  as  we  have  seen,  being  heaviest  to  the  east  of  the 
lake,  would  cause  a  greater  depression  in  that  direction.  This 
curious  circumstance  therefore  harmonizes  with  the  theoiy  I  am 
advocating. 

It  \h  i>erfwtly  plain  that  the  supposed  action  of  an  ice-cap  aflFecting 
th<*  c;ntre  of  gravity  of  the  earth,  and  draining  the  ocean  waters 
nortljwanlH,  in  a  tlieory  that  affonlB  no  explanation  of  these  singular 
features  in  tlie  surface  geology  of  the  great  lake  district  of  America 
and  of  the  MinHisnippi  banin^  because  it  is  not  a  question  of  sub- 
mergence l>en<^tli  the  sea  that  we  have  to  answer  in  these  regions. 
It  is  a  sinking  and  rising  of  the  land,  not  of  the  sea,  that  we  have 
to  account  for. 

Tnx  Loxss  Beds. 

Movemonts  of  dcpresfiion  and  elevation  caused  hy  the  presence 
and  diHapiM;anin(X$of  the  ice  would  also  help  to  explain  the  formation 
of  the  Jjoohh  1>cm1k  of  the  Rhine,  Danube,  and  other  rivers. 

In  reference  to  the  Loess  of  the  Rhine,  Sir  Charles  Lyell  says: 
**  It  seems  necessary  to  suppose  first  a  time  when  it  slowly  accuma- 
latod ;  and  secondly,  a  later  period,  when  large  portions  of  it  were 
removed,  or  when  the  original  valley  which  had  been  partially 
filled  up  witli  it,  was  re-excavatod.  Such  changes  may  have  been 
brought  alxjut  by  a  great  movement  of  oscillation,  consisting  first  of 
a  general  deprossion  of  the  land,  and  then  of  a  gradual  re-elevation 
of  the  same.  The  amount  of  continental  depression  which  first  took 
place  in  the  interior  must  be  imagined  to  have  exceeded  that  of  the 
region  near  the  sea,  in  which  case  the  higher  part  of  the  great  valley 
would  have  its  alluvial  plain  gradually  raised  by  an  accumulation  of 
(kfdiment,  which  would  only  i^eaae  when  the  subsidence  of  the  land 
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was  at  an  end.  If  the  direction  of  the  movement  was  then  reversed, 
and,  during  the  re-elevation  of  the  continent,  the  inland  region 
nearest  the  mountains  should  rise  more  rapidly  than  that  near  the 
coast,  the  river  would  acquire  a  denuding  power  sufficient  to  enable 
it  to  sweep  away  gradually  nearly  all  the  loam  and  gravel  with 
which  parts  of  its  basin  had  been  filled  up."  ^ 

Now,  the  Rhine  and  the  Danube  both  take  their  rise  in  the  Alps 
and  high  mountains  of  Central  Europe,  and  we  know  that  during  the 
formation  of  the  Loess  these  mountains  were  deeply  covered  with 
ice,  which  spread  over  Switzerland  and  the  neighbouring  regions. 
We  have,  therefore,  only  to  suppose  that  this  ice  depressed  the 
mountain  tract  on  which  it  rested,  and  thus  lessened  the  slope  of  the 
npper  valleys  of  the  Rhine  and  Danube,  just  as  it  did  in  the  case  of 
the  Mississippi.  The  consequence  would  be  that  these  rivers  would 
no  longer  be  able  to  huiTy  along  gravel  and  pebbles  as  they  did 
before,  but  would  have  to  slacken  speed  and  expand  into  pools  and 
marshes,  wherein  the  Loess  would  be  deposited.  Then,  after  the 
ice  melted,  the  mountain  area  would  rise  again,  and  set  the  rivers 
avowing  down  the  valleys,  and  make  them  out  into  the  old  beds  of 
silt  just  as  Lyell  describes. 

Judging  from  the  accounts  of  Lyell,  Belt,  Daubree,  and  others,  it 
would  seem  that  the  valley  of  the  Rhine  had  been  excavated  to  more 
than  its  present  depth  in  times  previous  to  the  deposition  of  the 
Loess,  for  it  lies  upon  the  top  of  strata  of  gravel  which  occupy  the 
bed  of  the  river,  and  contain  the  remains  of  an  older  fauna. 

Mr.  Archibald  Geikie  made  a  good  suggestion  in  reference  to  the 
Rhenish  Loess.  He  supposed  that  the  advance  of  the  Scandinavian 
glacier  might  have  blocked  up  the  mouth  of  the  river  and  thus 
dammed  the  water  into  a  lake  in  which  the  Loess  would  then  be 
deposited.  But  this  would  not  account  for  the  Danubian  Loess ; 
moreover,  the  Loess  does  not  seem  to  be  exactly  a  lacustrine  deposit, 
for  its  surface  does  not  fonn  a  horizontal  line  but  slopes  somewhat 
down  the  valley,  and  the  shells  found  in  it  do  not,  according  to 
Lyell,  imply  the  permanent  sojourn  of  a  body  of  freshwater  on  the 
spot,  the  most  aquatic  of*  them,  the  Succinea  elongata,  being  an  in- 
habitant of  marshes  and  wet  grassy  meadows. 

It  seems  likely  that  there  might  be  not  only  a  slight  sinking  of 
the  ice-covered  tract,  but  likewise  a  tendency  to  bulge  up  in  the 
region  which  lay  immediately  beyond  this  area  of  depression ;  just 
as  we  sometimes  see  in  the  advance  of  a  railway  embankment, 
which  not  only  depresses  the  soil  beneath  it,  but  also  causes  the 
ground  to  swell  up  further  off.  The  ice,  therefore,  by  depressing 
the  upper  part  of  the  valleys  and  raising  their  mouths,  would  check 
the  flow  of  the  rivers  and  lead  to  stagnation  in  the  region  between, 
where  fine  mud  or  loess  would  therefore  accumulate.  The  material 
of  the  loess  may  have  been  derived  from  the  fine  mud  suspended  in 
the  water  flowing  from  the  glaciers,  or  partly  also,  as  suggested  by 
Baron  Richthofen,  from  dust  carried  by  the  wind. 

*  Students'  Elements  of  Geology-,  2nd  ed.  p.  133.     See  also  Lyell' s  Antiquity  of 
Man,  chap.  xvi.  for  fuller  details  regarding  the  Loess. 
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Grekxlaxd. 

In  Western  Greenland,  according  to  Capt.  Graah  and  Dr.  Pingel.* 
there  is  evidence  of  a  depression  of  the  land  having  been  going  on 
for  the  last  four  centuries,  and  some  think  the  land-ice  has  been  on 
the  increase  during  the  same  period.  Adhemar  in  his  book  main- 
tained that,  in  accordance  with  his  theory,  the  temperature  of  the 
northern  hemisphere  was  highest  about  the  year  1248,  and  has  been 
on  the  decline  since  then.  He  also  contended  that  the  Arctic  ice 
has  been  increasing  during  the  same  period,  and  the  Antarctic 
diminishing.  It  would  be  indeed  an  interesting  coincidence  were  it 
actually  the  fact  that  in  Greenland  an  increase  of  the  ice  in  modem 
times  has  been  accompanied  by  a  subsidence  of  the  land.  It  would 
appear  that  tbe  Greenlanders  have  long  had  an  idea  that  the  ice  is 
increasing.  The  Danish  naturalist,  Fabricius,  who  flourished  in  the 
latter  part  of  the  eighteenth  century,  states  that  the  land-ioe  was 
advancing  every  year ;  and  so  rapid  was  its  progress  that  Green- 
landers,  then  alive,  remember  their  fathers  hunting  reindeer  among 
naked  mountains,  which  had  become  completely  covered  with  ice;  but 
that  it  was  in  the  valleys  the  increase  was  greatest 

The  facts  detailed  by  Dr.  R.  Brown  seem  to  leave  no  room  for 
doubt  as  to  the  subsidence  of  part  of  the  coast  in  recent  times ;  and 
as  regards  the  increase  of  the  ice,  we  have  not  only  the  opinions  and 
traditions  of  the  inhabitants,  but  also  the  testimony  of  Nordenskiold, 
who  tells  us  that  there  can  be  no  doubt  that  in  many  parts  of  North 
Greenland  the  inland  ice  is  certainly  gaining  ground.'  In  1850 
Dr.  Rink  mapped  the  south  side  of  Umanak  Pjord  (about  lat.  71°), 
showing  the  extent  of  tlie  glaciers  in  that  locality,  and  recording 
their  exact  distance  from  the  sea.  In  1875  Mr.  Helland  visited  six 
of  these  glaciers,  and  found  that  since  1850  two  of  them  had  advanced 
considerably,  and  one  had  retreated.  In  regard  \o  the  other  three 
there  would  appear  to  have  been  little  variation  (Quart.  Journ.  Geol. 
Soc.  vol.  xxxiii.  p.  154,  1877). 

Fjord  Latitudes  and  the  Skargard. 

It  is  worthy  of  remark  that  in  all  Fjord  latitudes  there  are  chains 
of  rocks  and  islands  along  the  coast  lying  a  little  outside  the  main 
mass  of  land.  In  Norway  this  is  called  the  "  Skargard."  Tbe 
same  feature  is  seen  on  the  west  coast  of  Greenland,  and  very 
notably  in  British  Columbia  and  Patagonia,  and  also  to  some  extent 
on  the  west  coast  of  Scotland. 

It  seems  to  me  that  this  peculiar  feature  may  be  due,  in  some 
measure,  to  tbe  greater  relative  depression  of  the  mainland  by  the 
ice,  which  would  lie  there  in  a  heavy  mass  long  after  the  outer  rim 
of  the  coast  became  clear  of  it,  as  we  see  in  Greenland  at  the  pre- 
sent day.  Consequently  there  would  result  a  much  longer  continu- 
ance of  pressure,  and  a  greater  amount  of  subsidence,  which  might 

*  See  Lvell's  Principles,  11th  ed.  vol.  ii.  p.  196  ;  also  Proceeding's  of  the  Geol. 
Soc.  vol.  ii.  p.  208  ;  and  R.  Brown  in  the  Quart.  Journ.  of  the  Geol.  Soc.  vol.  ixri. 
p.  691,  1870. 
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in  some  degree  be  permanent.  All  the  Fjord  coasts  indeed  seem  to 
present  the  aspect  of  depressed  mountain  lands.  Deeply  cut  valleys 
descending  far  below  the  level  of  the  sea,  with  groups  of  islands  and 
skerries  which  look  like  tops  of  sunken  hills,  these  lineaments  show 
that  the  land  must  have  formerly  stood  at  a  much  higher  elevation. 
And  it  is  worthy  of  remark  that  along  the  western  border  of  both 
North  and  South  America  the  Fjord  districts  show  a  sensible  retreat 
of  the  land  within  the  general  trend  of  the  coast  line,  as  if  the 
ocean  had  eaten  away  a  bit  of  the  country.  This  seems  to  show 
that  the  land  has  never  quite  recovered  from  the  depression  it 
received  during  the  Age  of  ice,  although  it  has  risen  again  to  some 
extent. 

The  amount  of  depression  in  the  regions  of  thickest  ice  was  there- 
fore probably  far  greater  than  is  indicated  by  the  raised  shell-beds 
and  sea-beaches.  This  would  lead  us  to  infer,  that  at  the  commence- 
ment of  the  ice-period  the  glaciated  regions  had  a  higher  altitude 
and  a  greater  area  of  land  than  tbey  now  have,  which  would  be 
quite  in  harmony  with  the  conditions  favourable  for  the  production 
of  glaciers. 

Lakes  and  Fjobds. 
If  a  land  of  glaciers  was  depressed  and  part  of  the  depression 
became  permanent,  it  seems  probable  that  there  would  be  a  tendency 
to  form  lakes  and  fjords  along  the  border  of  the  depressed  region, 
more  especially  where  its  perimeter  was  intersected  by  the  chief 
river  valleys.  For,  owing  to  the  subsidence  of  the  internal  area,  it 
is  evident  the  old  lines  of  drainage  issuing  from  it  would  be  deranged 
and  interrupted  by  numerous  depressions,  which  would  create  a 
series  of  elongated  hollows,  and  these  hollows  would  become  lakes 
or  fjords  after  the  ice  vanished.  If  there  was  also,  as  I  have  already 
hinted,  a  tendency  to  bulge  up  in  the  region  which  lay  immediately 
outside  the  boundary  of  the  depressed  area,  this  would  add  to  the 
effect 

To  illustrate  what  I  mean,  take  Switzerland  for  example,  or  rather 
the  region  of  the  Alps.  Here  we  have  an  irregular  oval  space  of 
country  which  was  heavily  loaded  with  ice.  From  the  facts  con- 
nected with  the  Loess  we  have  already  found  reason  to  believe  that 
this  space  suffered  depression  during  the  Glacial  period.  Now,  we 
find  a  series  of  large  deep  lakes  occurring  in  the  valleys  along  the 
skirt  of  this  glaciated  region,  just  where  we  might  expect  them  to 
be  from  the  cause  I  have  suggested. 

Take  again,  the  seat  of  the  great  Canadian  glacier.  Here  also  we 
find  a  series  of  hollows  running  all  round  it  from  the  St.  Lawrence 
along  by  the  great  lakes,  Lake  Winnipeg,  Lake  Athabasca,  the  Great 
Bear  Lake,  on  to  the  mouth  of  the  McKenzie  River.  Similar  features 
may  be  observed  round  the  circuit  of  the  Scandinavian  glacier,  and 
other  examples  might  be  readily  adduced ;  but  these  will  serve  to 
illustrate  my  meaning. 

In  making  the  above  suggestion,  however,  I  by  no  means  wish  to 
call  in  question  the  soundness  of  Sir  Andrew  Ramsay's  theory,  accord- 
ing to  which  lake-basins  are  supposed   to   have   been   frequently 
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formed  by  the  erosive  action  of  glaciers,  and  which  has  been  so  ably 
expounded  by  that  excellent  geologist ;  for  I  have  always  thought 
there  was  a  large  measure  of  truth  in  that  theory,  and  in  a  paper  of 
my  own  which  was  written  before  Ramsay's  famous  article  appeared, 
I  had,  in  fact,  maintained  that  the  bottoms  of  valleys  and  lakes 
in  Scotland  had  been  powerfully  eroded  and  deepened  by  the  loDg 
grinding  of  the  ioe,^  an  opinion  which  I  have  never  seen  any  reason 
to  change.  But  allowing  Sir  Andrew  Hamsay  to  be  right  in.  his 
contention,  I  see  no  reason  why  we  should  not  avail  ourselves  of 
this  additional  mode  in  which  glaciers  may  have  contributed  to  the 
formation  of  lakes,  as  it  may  help  to  get  over  some  of  the  difficulties 
that  have  been  felt  by  Lyell  and  others  in  applying  Hamsay's 
explanation  to  many  of  the  larger  and  deeper  lake-basins. 

We  should  have  thus  three  different  ways  in  which  glaciers  have 
contributed  to  the  formation  of  lakes,  viz.  by  moraine-dams,  by 
erosion,  and  by  depression. 

In  those  lakes  which  are  due,  or  partly  due,  to  depressions  caused 
by  the  ice  in  the  way  I  have  mentioned,  it  seems  likely  that  in 
general  they  would  incline  to  be  deepest  towards  their  upper  end,  or 
side  next  the  centre  of  depression ;  and  this  is  a  feature  that  many 
fjords  and  Alpine  lakes  still  exhibit,  notwithstanding  that  a  long 
period  of  silting  up  has  been  going  on,  which  has  had  the  effect  of 
filling  their  upper  extremity.  Some  of  the  larger  lake-basins  way 
be  partly  due  to  local  depressions  caused  by  the  long-continued 
pressure  of  the  ice  in  these  basins,  if  special  areas  of  weakness  had 
existed  in  the  strata  beneath  them. 

I  shall  conclude  with  the  following  quotation  from  Dr.  Croll,  in 
reference  to  the  question  I  have  been  considering :  — 

*'  It  is  a  circumstance  of  some  significance  that  in  every  part  of 
the  globe  where  glaciation  has  been  found,  along  with  it  evidence 
of  submergence  of  the  land  has  also  been  found.  The  invariable 
occurrence  of  submergence  along  with  glaciation  points  to  some 
physical  connexion  between  the  two.  It  would  seem  to  imply, 
either  that  the  two  were  the  direct  effects  of  a  common  cause,  or 
that  the  one  was  the  cause  of  the  other;  that  is,  the  submergence  the 
cause  of  the  glaciation,  or  the  glaciation  the  cause  of  the  submer- 
gence.'' ..."  The  simple  occurrence  of  a  rise  and  fall  of  the  land 
in  relation  to  the  sea-level  in  one  or  in  two  countries  during  the 
Glacial  epoch  would  not  necessarily  imply  any  physical  connexion. 
The  coincidence  of  these  movements  with  the  glaciation  of  the  land 
might  have  been  purely  accidental ;  but  when  we  find  that  a  succes- 
sion of  such  movements  occurred,  not  merely  in  one  or  two  countries, 
but  in  every  glaciated  country  where  proper  observations  have  been 
made,  we  are  forced  to  the  conclusion  that  the  connexion  between 
the  two  is  not  accidental,  but  the  result  of  some  fixed  cause." 

Addendum. 

Since  the  foregoing  pages  were  written  I  have  seen  another  very 
ingenious  attempt  to  explain   the   evident   connection   that   exists 

^  Quart.  Joum.  of  the  Geol.  Soc.  vol.  xviii.  p.  179,  Feb.  1862. 
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between  glaoiation  and  snbmergenoe,  by  Dr.  Penok,  of  Maniob.^  It 
is  foanded  upon  some  recent  results  arrived  at  by  Fisober  and  otber 
German  matbematioians  in  regard  to  tbe  attractive  force  exerted  by 
continents  upon  tbe  sea.  According  to  tbe  law  of  gravitation,  every 
substance  in  tbe  world  attracts  every  otber  substance  witb  a  force 
proportional  to  tbeir  masses.  A  continent  of  land  will  tberefore 
exert  an  attractive  influence  upon  tbe  sea,  and  cause  it  to  rise  upon 
its  sbores  to  a  beigbt  wbicb  will  vary  according  to  tbe  mass  of  land 
wbiob  causes  tbe  attraction.  On  tbis  account  it  is  alleged  tbat  tbe 
surface  of  tbe  ocean  is  not  actually  tbat  of  a  regular  spberoid,  as  it  is 
generally  supposed  to  be,  but  rises  tnncb  bigber  upon  tbe  borders 
of  continents  tban  it  does  in  mid-ocean.  Consequently  even  in  tbe 
same  parallels  of  latitude  tbe  surface  of  tbe  sea  is  not  every wbere 
equidistant  from  tbe  centre  of  tbe  eartb,  but  may  sbow  differences 
of  level  amounting  to  many  bundred  feet  by  reason  of  tbis  attractive 
force  wbicb  tbe  masses  of  land  exert  upon  it. 

Sucb  being  tbe  case,  it  follows  tbat  anytbing  wbicb  increases  tbe 
mass  of  land  will  increase  its  attractive  force  and  cause  tbe  sea  to 
rise  to  bigber  levels  along  its  border ;  and  tbus  a  great  tbickness  of 
glacier-ice  laid  upon  a  continent  by  adding  to  its  mass  will  draw  tbe 
water  towai*ds  it,  and  tbereby  raise  tbe  sea-level  in  its  immediate 
vicinity ;  and  according  as  tbe  ice  increases  or  disappears,  so  will 
tbe  level  of  tbe  sea  rise  or  fall  in  proportion.  Moreover  tbe  altitude 
of  tbe  sea-beaob  may  vary  considerably,  it  is  said,  along  tbe  border 
of  one  and  tbe  same  continent  by  reason  of  tbe  varying  tbickness  of 
tbe  ice  in  different  parts.  In  tbis  way  it  is  conceived  an  explanation 
is  found  for  tbe  fact  tbat  in  Norway  tbe  old  terraces  and  sea-beacbes 
do  not  coincide  in  elevation,  but  vary  mucb  in  altitude  even  in  places 
not  very  far  distant  from  one  anotber.  It  is  tberefore  maintained 
tbat  tbe  sea  may  rise  and  fall  along  a  coast  and  yet  tbe  old  sbore 
lines  may  be  neitber  parallel  nor  borizontal. 

Tbe  attractive  force  may  be  so  localized  tbat  its  intensity  varies, 
and  tbus  tbe  influence  of  local  masses  of  ice  may  account,  it  is 
thougbt,  for  considerable  variation  of  sea-level  in  places  even  not 
far  distant  from  one  anotber. 

Tbese  views  are  certainly  somewbat  different  from  tbose  wbiob 
bave  bitberto  prevailed  in  regard  to  tbe  regularity  of  tbe  sea-level, 
and  it  seems  to  me  are  founded  on  an  exaggerated  estimate  of  tbe 
attractive  force.  If  there  is  such  a  great  difference  in  level  in  the 
surface  of  the  sea  in  different  places,  the  barometer  should  give  in- 
dications of  it.  It  is  therefore  much  to  be  desired  that  every  means 
should  be  taken  to  ascertain  the  relative  height  of  the  sea  in  various 
places  calculated  to  test  the  accuracy  of  the  views  I  have  mentioned. 

There  are,  however,  some  well-known  facts  connected  with  the 
submergence  of  the  land  in  glacial  times  which  seem  to  me  inex- 
plicable by  tbe  attractive  force  of  the  ice,  even  suppose  we  should 
grant  it  to  bave  been  all  that  is  stated.  For  example,  near  Dublin 
shell-beds  are  found  in  Wicklow  at  an  elevation  of  1200  feet.     Now 

^  Schwankongen  des  Meeresspiegels,  Jahrb.  der  Geograph.  Gesellschaft  zu  Miincben, 
bd.  Yii.  1882. 
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when  these  were  deposited  it  is  difficult  to  see  where  the  mass  of  ioe 
or  land  could  have  existed  in  Ireland  to  have  exerted  the  requisite 
attractive  force.  Again,  we  have  shell-heds  in  Wales  at  1350  feet, 
hut  no  trace  of  submergence  in  the  valley  of  the  Thames,  only  2<K) 
miles  off.  It  cannot  be  supposed  that  near  London  the  sea  stood 
1200  feet  lower  than  it  did  at  Dublin,  or  1350  feet  lower  than  it  did 
in  Wales.  In  the  foregoing  paper  I  have  also  given  instances  in 
America  and  elsewhere  which  imply  subsidence  of  land  in  the 
interior  of  continents  where  no  submergence  beneath  the  sea 
occurred,  and  where  consequently  changes  of  the  sea-level  do  not 
serve  to  explain  the  facts. 

Col.  Clarke,  in  his  recent  treatise  on  Geodesy  (1880,  p.  96),  saya 
that  although  mathematical  calculation  shows  us  that  large  tracts  of 
country  may  produce  great  disturbances  of  the  sea-level,  it  is  at  least 
questionable  whether  in  point  of  fact  they  do.  The  attraction  of 
the  Himalayas  as  deflecting  the  plumb-line  at  various  places  in 
India  has  been  computed,  and  it  has  been  found  that  there  is  little 
correspondence  between  theory  and  observation,  for  the  attraction 
of  the  Himalayas  only  makes  itself  perceptible  to  observation  at 
places  quite  close  to  them. 

An  examination  of  the  tables  given  by  Mr.  Buchan  in  the  Trans- 
actions of  the  Royal  Society  of  Edinburgh,  showing  the  mean  height 
of  the  barometer  in  various  parts  of  the  world,  leads  me  to  think  that 
the  supposed  influence  of  the  continents  and  high  masses  of  land  in 
drawing  the  ocean  towards  them,  has  been  greatly  overestimated  by 
the  authors  to  whom  Dr.  Penck  appeals.  For  these  tables  certainly 
lend  no  countenance  t^  the  notion  that  the  sea-level  is  subject  to  the 
great  inequalities  of  level  which  he  assumes. 


VII. — Suggestions  fob  a  revised  Classification  of  the  British 

Eocenes. 
By  J.   Starkie  Gardner,  F.G.S.,  etc. 

SINCE  the  British  Eocenes,  especially  of  the  Hampshire  Basin, 
were  mapped  by  the  Survey,  a  portion  of  them  have  been 
separated  by  several  writers  as  Oligocene.  The  utility  of  the  change 
is  not  apparent  in  our  country,  where  the  break  is  seen  to  be  purely 
artificial ;  but  in  other  parts  of  Europe  the  Oligocenes,  which 
embrace  formations  previously  known  as  Lower  Miocene,  are  of 
gi'eat  importance.  This  change,  absorbing  the  entire  Upper  Eocene 
fromation  of  the  Isle  of  Wight,  would  seem  alone  to  necessitate  a 
reconsideration  of  the  classification  of  the  remainder.  But  the  classi- 
fication of  the  Eocene  fonnation,  invented  and  often  modified  when 
the  beds  composing  it  were  imperfectly  known,  is  throughout  arbitrary 
and  artificial,  and  scarcely  yet  on  a  scientific  basis.  Most  of  the 
present  divisions  comprise  under  one  name  the  very  distinct  deposits 
formed  by  river,  sea,  or  estuai-y,  though  these  have  been  brought 
from  quite  opposite  directions,  and  are  perhaps  by  no  means 
contemporaneous.  Some  divisions,  on  the  other  hand,  are  so  definitely 
limited  to  sea-deposits  of  a  paiticular  quality,  that  other  and  con- 
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temporaneous  sea-depositB  have  to  be  separated  from  them.  The 
grouping  adopted  is  in  some  cases  quite  artificial,  and  the  existing 
divisions  do  not  even  approximately  correspond  in  value,  either 
stratigraphically ,  or  as  measures  of  the  physical  or  biological  changes 
that  took  place  during  the  Eocene  peiiod. 

The  suppression  of  the  term  Upper  Eocene,  applied  by  Lyell  and 
all  the  older  authors  to  the  classic  Fluvio- Marine  Series  of  the  Isle  of 
Wight,  leaves  our  English  group — and  this  I  believe  applies  equally 
to  the  foreign  Eocenes — almost  without  an  Upper  division.  Under 
these  circumstances,  I  submit  that  the  following  arrangement  presents 
a  more  natural  and  useful  classification  than  that  now  in  use. 


Tapper  Eo-~      {   l^^l^^J^^'l 


Middle  Bagsbot. 


Middle  Eocene     .._    „    (   Ji^Xn^"*' 

I    Oldbaven  Series. 

Lower  Eocene      »    <    Woolwich  and  Reading  Series. 

(    Thanet  Series. 

If  an  Oligocene  formation  is  not  recognized,  there  will  be  no 
occasion  for  any  rearrangement — while  the  change  introduces  no 
new  names,  and  scarcely  affects  the  very  exact  and  admirable  work 
of  Prof.  Prestwich  and  the  Greological  Survey. 

All  these  divisions  are  well  marked  in  this  country,  and  are 
characterized  by  groups  of  fossils  peculiar  to  each,  and  as  they  are 
perhaps  better  developed  here  as  a  series  than  anywhere  on  the 
Continent,  we  may  well  trust  that  the  modified  classification  they 
so  clearly  require  to  reduce  them  to  a  natural  system,  should  be 
adopted  in  countries  where  the  sequence  is  possibly  more  difficult  to 
trace  than  in  our  own. 

The  Lower  Eocene  group  in  the  proposed  system  is  singularly 
homogeneous,  and  embraces  all  the  beds  below  the  London  Clay. 
Ill  ere  is  nothing,  moreover,  so  far  as  I  am  aware,  to  prevent  the 
still  older  beds  of  France  and  Belgium — as  far  down  as  the  Calcaire 
de  Mons — from  being  grouped  with  it. 

This  group  consists  of  sediments  of  marine,  littoral,  estuarine  and 
freshwater  origin.  They  are  roughly  classified  as  Thanet  Beds, 
Woolwich  and  Reading  Beds,  and  Oldhaven  Beds.  The  Thanet  Beds, 
developed  almost  exclusively  in  Kent,  are  marine,  though  certainly 
deposited  close  to  shore.  They  are  best  seen  between  Reoulvers  and 
Heme  Bay,  and  a  minute  study  of  the  beds  there  tends  to  show  that 
the  upper  parts  of  the  section,  divided  off  by  the  Survey  as  Woolwich 
and  Reading  and  Oldhaven  Beds,  are  but  minor  subdivisions  of  a 
single  and  continuous  formation.  This  great  marine  deposit  is  trace- 
able westward  in  the  ancient  beaches  known  as  Oldhaven  deposits, 
which  form  a  zone  reaching  to  the  south  and  east  of  London  as  far 
as  Croydon.  It  is  obvious  that  such  extensive  tracts  of  beach  or 
shoals  could  only  be  produced  by  continued  retrogression  of  the 
sea,  and  the  beaches  furthest  inland  would  be  the  oldest.  There  is 
absolutely  no  reason  that  I  see  at  present  why  the  vast  accumulations 
of  shingle  at  Bickley  and  elsewhere  should  not  be  contemporaneous 
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vr'iih  the  sea  deposits  of  Heme  Bay,  even  though  they  were  actually 
traceable  as  a  horizontal  formation  directly  overlying  the  Heme  Bay 
formation.  Beaches  are  the  last  sediments  that  can  be  left  by  a 
receding  sea  in  an  area  of  elevation ;  and  to  consider  the  Lower 
Eocene  beaches  as  a  distinct  formation,  except  lithologically,  can 
only  delay  any  appreciation  of  the  real  conditions  under  which  onr 
Eocene  strata  were  formed.  The  Oldhaven  division,  I  submit, 
should  only  be  recognized  as  one  of  quality — not  time — partially 
overlying  and  overlapping  the  marine  beds  of  the  Thanet  sands. 

The  difference  between  sea-deposits  formed  under  water  and  those 
cast  up  by  tidal  action  on  the  sea-margin  is  usually  apparent  enough, 
but  the  classification  of  the  Lower  Eocenes  is  greatly  complicated 
by  the  intercalation  of  deposits,  both  brackish  and  purely  freshwater, 
formed  in  a  river  estuary.  These  are  the  Woolwich  and  Reading 
Beds.  In  the  western  part  of  the  Hampshire  Basin  they  are  chiefly 
mottled  plastic  clays,  becoming  eastward  gradually  more  and  more 
mixed  with  beds  of  sand.  The  mottling  process  has  destroyed  every 
trace  of  organisms,  though  their  freshwater  origin  and  the  derivation 
of  the  material  is  quite  apparent.  The  mottled  clay  is  seen  in 
diminished  thickness  at  Reading,  where  it  is  underlain  by  freshwater 
clays,  which,  not  having  undergone  this  chemical  change,  still  pre- 
serve their  plant  remains,  and  the  freshwater  deposits  extend  to 
Woolwich.  Above  them  are  brackish  or  salt-water  estuarine  deposits. 
While  the  great  mass  of  the  Oldhaven  Beds  show  a  retreating  sea, 
these  estuarine  beds  show  encroaching  salt-water  ushering  in  the 
London  Clay  Sea,  without  any  intervening  beach,  so  that  it  becomes 
important  to  separate  the  period  of  retreat  from  the  period  of  advance, 
as  well  as  to  recognize  the  position  of  the  permanent  Lower  Eocene 
estuary,  over  which  no  beaches  were  ever  deposited.  Such  estuarine 
beds  occur  principally  over  the  west  of  Kent,  East  Surrey,  South 
Essex,  with  an  important  outlier  at  Newhaven  in  Sussex. 

The  Lower  Eocene  of  England  is  thus  a  well-marked  division, 
consisting  of  fluviatile  beds  in  the  west,  passing  east  into  estuarine, 
and  finally  into  marine  beds.  These  conditions  may  have  been  and 
doubtless  were  contemporaneous  to  a  great  extent,  but  the  divisions 
into  which  they  are  classified  must  rather  be  held  to  mean  distribu- 
tion of  quality  or  origin  than  an  absolute  sequence  in  time.  It  is 
essential,  if  the  extent  of  the  old  Eocene  estuary  is  ever  to  be  mapped 
and  understood,  that  a  separate  term  should  be  used  for  the  estuarine 
beds,  and  it  has  been  suggested  that  the  existing  term  **  Woolwich 
Beds"  might  with  advantage  be  kept  for  them,  whilst  *' Reading  Beds" 
should  distinguish  those  of  purely  fluviatile  or  freshwater  origin. 

Palaeontologically  scarcely  anything  is  known  of  the  Vertebrata 
of  this  Lower  Eocene  period,  and  our  knowledge  of  the  Fauna  is  in 
fact  cdmost  limited  to  its  Testacea.  Only  eight  specifically  deter- 
mined marine  Gasteropods  are  given  in  the  Survey  list  for  the  whole 
group.  Of  these,  six  range  throughout,  and  four  survived  in  the 
London  Clay.  Of  thirty-two  Conchifera,  excepting  the  genus  NticfUay 
only  three  are  confined  to  the  Thanet  Sands  as  defined  by  the  Survey, 
and  none  are  stated  to  be  special  to  that  section  of  it  which  has  been 
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classed  at  Herne  Bay  as  Woolwiob  and  Beading  Beds.  Five  of  these 
species  become  extinct,  and  seven  new  ones  appear,  in  the  Oldhaven 
Beds  of  the  Survey.  These  seven,  and  eight  of  the  older  species, 
surviYed  in  the  London  Clay.  All  the  thirty-two  species,  except  the 
seven  intruders  towards  its  close,  range  throaghout  the  whole  Lower 
Eocene  group.  The  separation  of  these  purely  marine  beds  into 
three  distinct  formations  breaks  down  palsBontologically.  The  fauna, 
as  a  whole,  is  strictly  littoral,  and  destitute  of  the  Volutes,  Cowries, 
and  other  tropical  shells  of  the  London  Clay.  Though  species  are 
few,  individnaJs  are  drifted  together  in  immense  quantities.  The 
flora  is  known  from  several  localities,  and,  like  the  fauna,  consists 
of  few  species,  all  of  which  are  of  temperate  aspect  They  are  pre- 
cisely similar  to  the  so-called  Miocene  flora  of  Qreenland,  containing 
several  of  the  so-called  poplars,  etc.,  but  the  only  plant  about  which 
any  certainty  exists  is  a  plane-tree,  rather  smaller  in  fruit  and  foliage 
than  our  introduced  species  of  the  present  day. 

The  Middle  Eocene, — This  I  have  suggested  should  include  the 
London  Clay  and  the  Lower  Bagshot  Series.  The  London  Clay  in 
fact  marks  such  an  enoimous  change  both  in  the  area  of  land  and 
in  climate,  that  it  becomes  an  anachronism  to  place  it  with  the  pre- 
ceding group.  It  is  the  most  homogeneous  of  Eocene  formations, 
and  has  the  widest  extent,  yet  the  use  of  the  term  **  Clay  "  has  I 
believe  induced  several  errors.  At  Alum  Bay  and  Whitecliff  Bay 
marine  sands  which  belong  to  it  have  been  placed  with  the  com- 
pletely dissimilar  freshwater  sands  of  the  Lower  Bagshot,  and  in 
the  London  Basin  I  believe  the  Ramsdell  Clay  to  be  possibly  an 
overlying  mass  of  true  London  Clay  separated,  exactly  as  a  mass  is 
seen  to  be  at  Alum  Bay,  by  beds  of  sand.  The  formation  is  chiefly 
developed  in  the  east,  though  it  extends  to  the  western  extremities  of 
the  Hampshire  Basin.  At  Harwich  and  at  Herne  Bay,  only  the  lower 
beds  remain,  and  these,  though  otherwise  almost  unfossiliferous,  are 
crowded  with  rolled  and  macerated  twigs.  At  Herne  Bay  and 
Whitstable,  and  I  believe  also  on  the  north  side  of  the  Thames  near 
Southend,  fruits  first  make  their  appearance,  though  not  approaching 
the  vast  numbers  collected  at  Sheppey,  while  passing  west  the 
quantity  of  vegetable  matter  sensibly  lessens.  The  temperature 
appears  gradually  to  have  increased  during  its  formation,  for  Nautilus, 
Volutes,  etc.,  commence  to  become  abundant  towards  its  centre, 
while  its  uppermost  beds  show  a  marked  approach  in  character  to 
those  of  the  later  Eocene.  The  fruits  abound  in  its  centre  at  Sheppey, 
and  are  there  of  a  very  tropical  character,  while  in  lower  parts  of 
the  series,  as  at  Swale  Cliff,  they  seem  less  tropical,  an  Alder  cone 
never  met  with  at  Sheppey  being  the  commonest  form.  The  rich 
Vertebrate  fauna  contains  three  Mammals,  a  toothed  Bird  {OdontO' 
pteryx  toliapicus),  and  an  Ostrich;  sixteen  Chelonians,  two  Crocodiles 
and  a  Serpent,  and  ninety  species  of  Fish.  Three  hundred  and 
fifteen  Mollusca,  eighty-six  Protozoa,  twenty-eight  Crustacea^  etc., 
complete  its  known  fauna.  The  flora  is  probably  less  rich  than 
has  been  supposed,  not  more  than  twenty-five  species  being  at  all 
common.  Including  almost  unique  specimens,  the  number  of  dis- 
tinct forms  does  not  at  present,  I  am  of  opiuiow,  «v«^vsi3B&^Vi.\«A^'i'i.« 
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The  Lower  Bagshot  Beds  are  exceedingly  well  developed  along  the 
borders  of  Dorset  and  Hants,  and  include  the  pipe-clays  of  oommeroe 
found  there.  They  are  very  distinct  at  Alum  Bay,  but  are  difficult 
to  identify  even  at  Whitecliff  Bay,  and  over  the  London  Basin 
they  are  unfortunately  correlated  with  the  marine  sands,  etc.,  clearly 
produced  by  the  retiring  London  Clay  Sea.  They  possess  no  faaua 
worth  mentioning,  but  the  flora  met  with  in  the  purely  flaviatile 
deposits  of  the  west  is  quite  peculiar  to  them.  Only  a  few  pieces  of 
Palms  and  a  very  few  Dicotyledons  have  been  preserved  from  the 
once  rich  deposits  near  Corfe  Castle.  Studland  still  yields  macerated 
Palms  and  Ferns,  and  a  few  Dicotyledons,  but  the  distinctive  flora 
has  chiefly  been  obtained  from  Alum  Bay,  a  locality  now  almost 
barren.  Large  Figs,  an  Aralia^  and  apparently  Proteaceous  leaves 
characterize  it,  and  give  it  an  Australian  aspect,  completely  differeDt 
to  that  of  any  other  Eocene  flora,  only  so  far  met  with  elsewhere  in 
the  Gr^s  du  Soissonnais.  It  is  so  unlike  the  Middle  Bagshot  flora 
of  Bournemouth,  that  it  cannot  consistently  be  placed  in  the  same 
division  of  the  Eocene,  whilst  its  union  with  the  London  Clay  would 
raise  that  group  to  the  value  of  the  other  Eocene  groups,  which 
would  then  each  comprise  a  marine,  an  estuarine,  and  a  freshwater 
series,  to  some  extent  probably  parallel  and  contemporaneous  with 
each  other. 

The  Upper  Eocenes, — These  would,  under  the  suggested  classifica- 
tion, comprise  the  Middle  Bagshot  series,  consisting  of  the  fresh- 
water Bournemouth  formation,  the  estuarine,  and  littoral  B<iBcombe 
Series,  and  the  marine  Bracklesham  Series,  l^he  Bournemouth  Series 
occupies  the  western  margin  of  the  Hampshire  Basin  in  Hampshire, 
re^wsing  on  the  Lower  Bagshots,  with  an  outlier  at  Bovey  Tracey. 
The  flora  is  very  rich  and  varied  ;  apparently  somewhat  American 
in  character,  and  very  different  to  the  flora  preceding  it  Its  species 
amount  to  many  hundred.  The  Boscombe  Beds  are  littoral,  and  pass 
gradually  into  the  purely  marine  Bracklesham.  The  Bracklesham 
Beds  are  not  recognized  west  of  Highcliff",  and  extend  eastward  to 
the  vicinity  of  Woking  and  Chertsey.  They  are,  with  the  exception 
of  the  lowest  beds  of  the  Barton  Series,  the  only  strata  in  England 
containing  Nummulites,  and  it  is  specially  remarkable  that  the  sea 
which  deposited  them  swarmed  with  tropical  Mollusca,  such  as  large 
Cowries,  Cones,  Volutes,  Certthia,  Bulla,  Cardita,  etc.,  though  the 
contemporary  land  fauna  and  flora  was  certainly  not  more  tropical 
than  that  of  the  London  Clay  and  Lower  Bagshot. 

If  the  Oligoeene  formation  were  required  to  be  separated  from  the 
Eocene  in  England  by  a  natural  break,  the  division  would  best  be 
placed  here,  for  the  marine  fauna  undergoes  a  great  change  in  pass- 
ing to  the  Barton  Beds.  A  proportion  of  the  commoner  and  smaller 
species  of  mollusca  remain,  it  is  true;  but  all  the  magnificent  tropical 
forms  disappear,  and  are  replaced  by  others  recalling  those  of  the 
London  Clay,  but  with  the  addition  of  a  few  fine  forms,  such  as  Fusns 
longavuSf  BosteUaria  ampla,  and  Valuta  luctoUrix,  The  Barton 
Series  merges  into  the  Upper  Bagshots,  and. these  into  the  Headon 
Series.     The   Crocodiles,   Gavials,   Turtles   and  Feather  Palms  of 
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Hordwell  show  that  tropical  conditions  had  not  diminished  on 
land,  though  the  marine  fauna  had  become  so  oonspiouously  more 
temperate.  The  Headon  Beds  are  first  fluviatile,  then  marine  or 
estuarine,  but  singularly  the  fauna  of  Brookenhurst  recalls  that  of 
Bracklesham  almost  as  much  as  the  more  immediately  preceding 
Barton  fauna.  Fresh  fluviatile  beds  come  in  and  the  strata  continue 
to  be  of  freshwater  origin,  until  the  Bembridge  Marls  in  the  east  of 
the  Isle  of  Wight  betray  brackish  water,  and  the  still  newer  Hemp- 
stead Beds  in  the  west  even  more  decided  marine  conditions.  The 
temperature  during  the  later  stages  seems  gradually  to  have  dimin- 
ished, for  fresh  species  of  the  same  genera  of  mollusca  continually 
succeed  each  other,  while  the  flora,  without  changing  its  general 
character,  seems  to  have  lost  its  more  tropical  forms.  It  is  unneces- 
sary to  describe  the  beds,  but  they  are  more  distinctly  freshwater  to 
the  west  than  east.  They  are  crowded  throughout  with  fossils,  tlie 
assemblage  of  Pulmonate  Gasteropods  in  the  Bembridge  Limestone 
being  especially  remarkable.  In  places  I  have  seen  this  bed  crowded 
with  casts  of  the  eggs  and  young  of  the  gigantic  Bulimus,  now  con- 
fined to  the  West  Indies,  and  large  species  of  Achatina  and  Helix 
are  well-known  fossils  from  it.  Between  Yarmouth  and  Gurnet 
Bay  the  shore  used  tp  be  fairly  sprinkled  with  scutes  of  turtle  and 
crocodile  and  mammalian  teeth,  and  the  floras  of  Hempstead  and 
Gurnet  Bay  are  celebrated. 

I  do  not  think,  if  three  divisions  of  the  Eocene  and  an  Oligocene 
formation  are  to  be  maintained,  that  any  other  arrangement  would 
separate  the  divisions  where  natural  breaks  occur,  and  yet  leave 
them  of  approximately  the  same  importance. 

It  is  obvious,  from  the  extension  of  similar  formations  over  Northern 
Europe,  and  their  absence  to  the  South,  as  well  as  from  their  English 
distribution,  that  the  Lower  Eocenes  and  the  London  Clay  were 
deposited  by  a  sea  whose  chief  extension  lay  in  northern  directions. 
The  Lower  Eocene  deposition  was  accompanied  by  a  slight  depres- 
sion in  the  littoral  and  delta  areas,  and  was  checked  by  a  slight  up- 
heaval. During  the  consequent  retreat  of  the  sea,  the  great  Oldhaven 
beaches  must  have  been  formed  and  left  stranded.  The  fauna  arid 
flora  show  the  climate  to  have  been  almost  as  temperate  as  at  the 
present  day,  and  hence  it  must  be  inferred  that  the  Greenland  Lower 
Eocene  rocks,  which  are  barren  of  plants,  were  formed  during  this 
period.  The  London  Clay  deposition  was  favoured  by  greater 
depression,  during  which  the  sea  penetrated  to  the  utmost  limits  of 
Hampshire  and  into  Dorsetshire.  In  the  east  the  sea  must  have  been 
over  a  hundred  fathoms  deep,  but  westward  it  was  shallower,  and 
the  "  clay  "  is  finally  represented  by  shingles  and  sand.  During  this 
period  a  remarkable  change  took  place  in  the  climate,  which  became 
almost  tropical,  causing  the  older  flora  of  the  temperate  Eocene 
period  in  England  to  migrate  towards  the  Pole  and  establish  itself 
in  Greenland.  The  so-called  Miocene  flora,  of  Greenland  at  least, 
is  a  continuation  of  our  Lower  Eocene  flora,  and  probably  belongs 
to  the  Middle  Bagshot  or  most  tropical  of  English  Eocenes. 

It  is  interesting  to  trace  out  the  presence  of  a  large  river  flowing 
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from  west  to  east  tbrougbont  the  whole  of  this  period.  We  find 
that  its  delta  advanced  and  receded  with  the  depressions  and  eleva- 
tions which  led  to  the  formation  of  this  part  of  the  Eocene. 

The  Bracklesham  Beds  are  the  deposits  of  an  almost  tropical  sea, 
which  extended  sooth  over  France,  but  is  not  traceable  north  of  the 
Q'hames.  The  depression  seems  to  have  travelled  from  sonth  to 
north-east  and  caused  the  outfall  of  the  Eocene  river  to  shift  towards 
Hampshire.  The  Barton  Beds  show  an  influx  of  the  northern  sea 
into  the  Bracklesham  Sea,  resulting  in  the  migration  of  all  the  most 
tropical  forms  —  so  that  the  dividing  isthmus  which  previously 
existed  must  have  been  broken  through.  The  position  of  the  river 
was  scarcely  changed  and  the  land  fauna  and  flora  remained  tropical 
until  the  dose  of  tbe  Headon  period.  Upheaval  having  caused  the 
recession  of  the  Barton  Sea.  the  southern  sea  again  appeared  in  the 
Brockenhurot  Beds  of  the  Middle  Headon.  The  changes  of  level 
during  the  Oligooene  in  England  are  similar,  but  affected  smaller 
areas,  and  were  accomplished  in  a  gradually  diminishing  temperature. 

I  have  touched  very  briefly  on  the  physical  conditions  which  pre- 
vailed during  the  Eocene  period,  as  my  views  on  this  part  of  the 
subject  have  been  already  published.  These  conditions  can,  however, 
be  traced  with  great  minuteness  and  comparative  certainty. 


I. — 1.    SlLUBISCHX    EOBALLIN    AU8    NoBD    EUSHLAND   UND    SiBIBIKN ; 

VERZEICHNET  VON  G.  Lindstr5m.  Bihatig  till  K.  Svenska  Vet 
Akad.  Handlingar,  Band  6,  No.  18. — Silurian  Corals  from  North 
Kussia  and  Siberia,  described  by  G.  Lindstrom.  Supplement 
to  the  Transactions  of  the  Royal  Swedish  Academy  of  Science, 
Stockholm,  1882.  8vo.  pp.  23,  with  a  Plate. 
2.  Anteokningar  om  Silurlagren  pa  Carlsoarne.  Af  G.  Lindstrom. 
Ofver.  Af.  Kongl.  Vet.  Akad.  Forhandlingar,  1882,  No.  3.— 
Notes  on  the  Silurian  Strata  of  the  Carls  Islands.  By  G. 
Lindstrom.  Proceedings  of  the  Koyal  Swedish  Academy  of 
Science.     8vo.  pp.  30,  with  a  Plate  and  Five  Woodcuta. 

IN  the  first  of  these  papers  Prof.  Lindstrom  describes  27  species 
and  varieties  of  corals,  which  have  been  collected  from  Silurian 
strata  in  four  different  and  widely  separated  localities  in  Northern 
Eiissia  and  Siberia.  Most  of  the  forms  belong  to  the  familiar 
Silurian  genera  Favoattes,  HelioliteSf  Hafyaitea,  etc. ;  but  in  addition 
to  these,  there  are  no  fewer  than  three  new  genera,  which  have  been 
named  Bhaphtdophyllumj  Cyriophyllumy  and  Palcearea ;  this  last  is 
remarkable  from  the  similarity  of  its  structure,  in  many  important 
respects,  to  that  of  the  Tertiary  genus  Litharea.  From  a  table 
appended  it  appears  that  17  of  these  Siberian  species  occur  also  in 
Sweden ;  12  in  the  English  Silurian,  and  8  in  North  America  (in- 
cluding HaJyaitea  catenulariua,  L.,  and  H,  eacharoidea,  Lam.,  which 
are  omitted  from  the  list  of  American  species,  though  of  common 
occurrence  in  that  country).     It  is  curious  to  note  that  two  distinc- 
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tive  American  speoies,  Calapwcia  eribriformis,  Nioh.,  and  Colnmnaria 
aheolata,  Goldf.,  make  their  appearance  in  the  Siberian  beds,  though 
they  have  not  as  yet  been  recognized  in  the  intermediate  Silurian 
areas  of  Western  Europe. 

The  second  paper  contains  a  detailed  description  of  the  Silurian 
strata  displayed  in  the  Great  and  Small  Carls,  two  small  islands 
situated  within  a  short  distance  of  the  west  coast  of  the  Isle  of 
Gotland.  The  beds  consist  of  an  underlying  series  of  soft  greyish 
shales,  which  in  places  have  been  remarkably  contorted,  and  their 
npper  surfaces  denuded,  previous  to  the  deposition  of  the  limestone 
strata  which  cover  them.  The  limestones  are  distinguished  by 
being  in  many  instances  almost  entirely  composed  of  Corals  and 
StromatoporsB,  and  some  of  the  beds  are  made  up  of  tightly  packed 
individuals  of  but  a  single  species,  whilst  in  others  two  or  three 
species  have  lived  and  died  together,  so  as  to  form  beds  which  reach 
a  thickness  of  16  feet.  Professor  Lindstrom  gives  a  list  of  the 
fossils  from  these  islands,  and  compares  them  with  those  met  with 
in  similar  strata  on  the  Isle  of  Gotland.  The  characters  of  a  new 
genus  of  corals,  Helminthidiumj  are  also  defined.  In  an  appendix 
he  refers  to  the  descriptions  of  the  corals  from  these  islands  given 
by  Dr.  W.  Dybowski  in  his  "  Monographic  der  Zoantharia  Sclero- 
dermata  rugosa  aus  der  Silurformation  Estlands,  Nord -Li viands  und 
der  Insel  Gotland,"  and  shows  pretty  conclusively  that  the  12 
species  therein  described,  8  as  new,  may  be  reduced  to  6,  and  these 
were  all  previously  known  and  described.  G.  J.  H. 


II. — British    Association    fob   the    Advanckmknt   op    Soienok, 
Fifty-Skoond  Meeting,  Southampton,  23rd  August,  1882. 

[C.  W.  SiBMBNS,  Esq.,  D.C.L.,  LL.D.,  F.R.S.,  etc.,  President,] 

A. — Titles  of  Papers  Bead  in  Section  C.  (Geology). 

President:  Robert  Ethb&idoe,  Esq.,  F.R.S.,  F.G.S.,  etc. 

The  President's  Address. 

Professor  J.  Prestwich,  M.A.,  F.B.S, — Notes  relating  to    the   Drift 

Phenomena  of  Hampshire: — 1.  Boulders.  Hay  ling  Island;    2. 

Chert  debris  in  the  Gravel ;  3.  Elephant  Bed,  Freshwater  Gate. 
H,  B,  Woodward, — Notes  on  the  Bure  Valley  Beds  and  the  Westle- 

ton  Beds. 
Professor  V,  Ball,  M.A.,  F,R,8. — On  the  Sources  of  the  Salt  Supply 

of  India. 
Professor  W.  C,  Williamson^  JP.iJ.S.,  and  W.  Cash.  —  Preliminary 

Report  on  the  Flora  of  the  "  Halifax  Hard  Bed,"  Lower  Coal 

Measures. 
C.  E.  De  Bance, — On  the  Iron  and  Lead  Measures  of  Tynehead, 

Alston  Moor. 
W,  Keeping,  M.A, — On  the  Geology  of  Cardigan  Town. 
W,  Pengelly,  F,B.8. — On  the  Post-Miocene  Deposits  of  the  Bovey 

Basin,  South  Devon. 
K  Wethered, — On  the  Origin  of  the  Haematite  Deposits  in  the  Car- 
boniferous Limestone  of  South  Wales. 
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FrofeMor  J,   Milne.  —  Beport  on  the  Earthquake   Phenomena  of 

Japan. 
Professor  W,  J,  Sollas,  M»A. — ^Beport  on  the  oonditions  nnder  which 

ordinary  Sedimentary  Materials  may  be  converted  into  Meta- 

morphic  Rocks. 
Bev,  G,  F.  Whidhome,  M,A„  and  Professor  W.  J.  SoUas,  M.A.  — On 

some  Fossils  from  the  Inferior  Oolite. 
C.  E,  De  Bancs, — Beport  on  the  Circulation  of  the  Undergromid 

Waters  in  the  Permeable  Formations  of  England. 

A.  B,  Hunt,  M,A, — Evidence  of  Wave-Action,  at  a  depth  of  40 

fathoms,  in  the  English  Channel. 
W.  Whitaker,  B,A. — List  of  Works  on  the  Geology  and  PalsBonto- 

logy  of  Oxfordshire,  Berkshire,  and  Buckinghamshire. 
Professor  James  Thomson,  LL,D,,  F.B.S. — Mention  of  an  example  of 

an  early  stage  of  Metamorphic  Change  in  an  Old  Bed  Sandstone 

Conglomerate  near  Aberfoil. 
Professor  James  Thomson,  LL.D,,  F.B.S.  —  On  features  in  Glacial 

Markings  noticed  on  Sandstone  Conglomerate  at  Skelmorlie  and 

Aberfoil. 
Professor  J,  Prestwich,  M,A.,  F.B.S. — On  the  Equivalents  in  England 

of  the  Sables  de  Bracheux,  and  on  the  Southern  limits  of  the 

Thanet  Sands. 
J.  S.  Gardner. — Suggestions  for  a  Bevised  Classification  of  the  British 

Eocenes  (see  p.  400). 
J.  W,  Elwes. — On  the  Classification  of  the  Oligocene  Strata  in  the 

Hampshire  Basin. 
E.  B.  Tatoney,  M.A, — On  the  Outcrop  of  the  Brockenhurst  Beds  near 

Lynd  hurst. 
Dr.  C.  Ricketts. — On  Subsidence  as  the  Effect  of  Accumulation. 
J.  S.  Gardner. — The  Cause  of  Elevation  and  Subsidence  of  Land. 
Professor  W.  Boyd  Dawkins,  M.A.,  F.R.S. — On  the  Geology  of  tbe 

Channel  Tunnel. 
C.  E.  De  Ranee, — On  Proposed  Channel  Tunnels  in  their  Geological 

Aspects. 
W.  Topley. — On  the  Synclinal  Structure  of  the  Straits  of  Dover. 

B.  J.  tlssher, — Report  on  the  Exploration  of  Caves  in  the  South  of 

Ireland. 

T.  W.  Shore  and  E.  Westlake. — On  the  Southampton  Artesian  Well. 

Bev.  H.  W,  Crosskey. — Report  of  the  Committee  on  Erratic  Blocks. 

G,  B.  Vine, — Report  on  the  British  Fossil  Polyzoa  (Jurassic  Species). 

Professor  W.  J.  Sollas,  M.A. — On  the  Formation  of  Flints. 

Bev.  E.  Hill,  M.A. — Problems  in  the  Geology  of  the  Channel  Islands. 

Bev.  A.  Irving,  B.Sc. — Notes  on  Alpine  Post-Carboniferous  (Dyassic) 
and  Triassic  Rocks. 

Professor  J.  D.  Everett,  F.B.S. — Summary  of  Reports  of  the  Com- 
mittee on  Underground  Temperature. 

B.  B,  White, — Notes  on  the  Geology  and  Mining  of  the  United 
States  of  Columbia,  S.A. 

T^''.  Topley, — Report  on  the  Progress  of  the  Geological  Map  of 
Europe. 
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B. — TiTLKS    OF   PaPKBS,   BsABING    upon    GkOLOQY,   BBAD    in    OTHIR 

Skotions. 
Section  A. — Physioal  Soisncs. 

Professor  Everett — (1)  Report  of  Committee  on  Undergroand  Tem- 
perature. (2)  Synopsis  of  all  previous  Reports  of  this  Com- 
mittee. 

Professor  Schuster, — Report  of  Committee  on  Meteoric  Dust 

Professor  Balfour  Stewart, — On  a  Supposed  Connexion  between  the 
Heights  of  Rivers  and  the  Number  of  Spots  on  the  Sun. 

G.  E.  Darwin. — On  an  Estimate  of  the  Earth's  Rigidity. 

Section  B. — Chemical  Science. 

Professor  Divers  and  Marachiha  Shimosd. — On  the   Occurrence  of 

Tellurium  and  Selenium  in  Japan. 
Professor  von  Banmhauer. — On  the  Application  of  the  Diamond  to 

Minendogical  and  Chemical  Analysis. 

Section  D. — Biology. 

W,  S,  Duncan, — Evidence  as  to  the  Scene  of  Man's  Evolution,  and 
the  prospects  of  proving  the  same  by  Palaeontological  Discovery. 

W.  Pengelly,  F,B,S. — Prehistoric  Remains  in  the  Deposits  of  the 
Bovey  Basin,  South  Devon. 

Professor  Boyd  Dawhins,  F,B.S, — The  Light  thrown  by  the  Explora- 
tion of  Caves  on  the  Conquest  of  Britain. 

Section  E. — Geography. 

J.  Thomson. — On  the  Geographical  Evolution  of  the  Tanganyika 

Basin. 
Professor  V.  Ball, — On  the  Identification  of  certain  Ancient  Diamond 

Mines  in  India. 
M.  Pierre  de  Tchihatchef. — The  Deserts  of  Africa  and  Asia. 

Section  G. — Mechanical  Science. 
J.  Clarke  Hawkshaw, — The  Channel  Tunnel. 


3a  E  V  I  E  ^W  S- 


I. — Tabular    View    of    the    Geological   Systems,   with    their 

LiTHOLOGICAL     COMPOSITION     AND      PaKEONTOLOGICAL      REMAINS. 

Especially  adapted  for  Students  preparing  for  the  Royal  Military 
Colleges  of  Woolwich  and  Sandhurst.  By  Dr.  E.  Clement. 
(London :   A.  Swan  Sonnenschein  &  Co.,  1682.) 

WE  are  sorry  that  we  cannot  endorse  the  opinion  expressed  by 
the  author  of  this  work  in  his  preface  that  it  **  will  be  found 
of  great  use  to  both  masters  and  pupils" :  its  errors,  both  of  omission 
and  commission,  are  so  numerous  that  any  utility  which  such  a  work 
might  otherwise  possess  appears  to  us  to  be  entirely  destroyed.  In 
the  some  dozen  pages  on  Stratigraphy,  for  instance,  we  find  no 
mention  of  the  Pre-Cambrian  rocks  of  England  and  Wales,  nor 
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of  the  Rliaetio  beds  and  Inferior  Oolite;  erroneous  positions  are 
assigned  to  the  Thanet  sands  and  to  the  Hempstead  beds,  which  are 
placed  above  the  Woolwich  and  Bovey  Tracey  series  respectively ; 
and  the  classification  of  the  Cambrian  and  Silurian  strata  is  certainly 
not  the  best  that  could  be  adopted.  The  lists  of  economic  products 
and  fossil  remains  are  equally  unsatisfactory  ;  we  note  in  the  former 
that  Common  Salt  is  given  as  a  product  obtained  from  the  Lias, 
while  the  well-known  Ironstones  of  that  formation  are  not  mentioned ; 
in  the  latter  that  Chara  and  Astropeclen  are  placed  with  the  Conchifers 
and  Hippurites  with  the  Plantaa;  moreover,  many  of  the  fossils 
given  are  not  characteristic  of  the  groups  in  which  they  are  placed, 
e.g.  Atrypa  reticularis  is  given  as  Devonian,  and  Plagiostoma  gigatttea 
as  Lower  Oolite.  We  very  much  question  the  truth  of  the  state- 
ments (pp.  13  and  14)  that  mammals  allied  to  Monkeys  appear  in 
the  Chalk,  and  that  the  Cretaceous  '* coprolithes "  are  all  "fossilized 
excrements  of  fishes."  In  the  table  of  rocks  and  minerals  (pp. 
17-19)  such  important  species  as  Tourmaline,  Garnet,  and  Diallage 
are  unnoticed,  while  a  place  is  given  to  the  comparatively  un- 
important Azurite,  Meerschaum,  and  Strontianite.  Porphyry,  which 
is  defined  on  p.  22  as  any  rock  in  which  **  distinct  crystals  of  one 
or  more  minerals  are  imbedded,"  has  here  assigned  to  it  a  definite 
composition  of  Al«(Si08)s:  the  formulaj  given  for  Mica  and  Olivine 
would  hardly  be  accepted  by  most  Mineralogists,  and  the  definition 
of  Trachyte  as  "  Glassy  Felspar  with  crystals  of  ditto "  will  not 
commend  itself  to  many  Petrographers.  It  is,  however,  in  the 
glossary  of  *'  most  essential "  terms  (pp.  20-23)  that  the  slipshod 
character  of  this  compilation  is  most  apparent;  no  distinction,  for 
example,  is  niarle  between  rock  cleavage  and  the  cleavage  of  crystals, 
nor  between  cliffs  and  escarpments;  such  terms  as  False- bedding, 
Overlap,  Denudation,  and  Foliation  are  conspicuous  by  their  absence 
from  a  list  which  includes  Berg-mehl  and  Plumbago,  and  many  of 
the  so-called  definitions  do  not  deserve  the  name.  The  following 
examples  require  no  comment: — "Alluvium:  A  formation  composed 
of  fragmentary  matter  collected  together  by  the  ordinary  action  of 
water."  "  Dislocation :  Stratified  rocks,  when  displaced  from  the 
horizontal  position  in  which  they  were  deposited,  are  called  dis- 
located." 

Many  more  such  examples  might  be  given,  but  we  think  enough 
has  been  said  to  show  that  the  work  can  scarcely  be  recommended 
as  a  safe  guide  to  either  students  or  teachers.  E.  W.  S. 


II. — Journal    op    the    Royal    Microscopical     Society.      Series 

II.  vol.  i.  parts   4-6,   and   vol.   ii.   parts    1-4.     (Nos.   23-29; 

August,  1881— August,  1882.) 

TPHIS  useful  Journal  continues  to  be  conducted  on  a  very  liberal 

L      scale,    both    scientifically   and   technically.      It   contains    the 

Transactions  and  Proceedings  of  the  Society,  and  a  summary  of 

current   researches   relating   to   Zoology   and   Botany    (principally 

Invertebrata  and  Cryptogamia,  with  the  Embryology  and  Histology 

of  the  higher  Animals  and  Plants),  and  Microscopy.     The  whole  is 
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highly  creditable  to  the  enthusiastic  editor,  Mr.  Frank  Crisp,  one  of 
the  Secretaries  of  the  Society,  and  his  talented  and  willinfi^  assistant- 
editors,  Messrs.  Bennett,  Bell,  Ridley,  and  Mayall,  also  Fellows  of 
the  Society.  In  the  Parts  before  ns  are  ten  original  papers 
on  various  matters  in  Microscopy.  Professor  Duncan's  elaborate 
Presidential  Address,  reviewing  the  aspects  and  value  of  the  results 
of  high  magnifying  powers,  is  a  most  valuable  addition  to  this 
branch  of  the  Society's  study  and  research.  There  are  also  nine 
original  papers  on  natural  history,  treating  of  Mites,  Spidor-weh, 
a  new  boring  Annelid,  Spicules  of  Echinoidea,  peculiar  Sponge- 
spicnles,  DiatomaceaB,  and  Bacteria,  Bacillus,  etc.,  touching  on  the 
medical  question  of  their  probable  malignant  influence  in  some 
diseases. 

For  the  benefit  of  microscopists  each  part  of  the  Journal  (published 
in  February,  April,  June,  August,  October,  and  December)  contains 
the  following  useful,  and  indeed  necessary.  Tables  : — I.  Numerical 
Aperture;  II.  Conversion  of  British  and  Metric  Measures;  III. 
Corresponding  Degrees  in  the  Fahrenheit  and  Centigrade  Scales ; 
rV.  Refractive  Indices,  Dispersive  Powers,  and  Polarizing  Angles ; 
V.  Magnifying  Powers. 

The  Summary  of  current  researches  consists  of  abstracts  of,  or 
extracts  from  the  more  important  articles  relating  to  the  chosen 
subjects  (with  references  to  originals),  as  contained  in  British  and 
Foreign  Journals  and  Transactions,  chiefly  those  added  to  the 
Society's  Library.  The  following  notes  bear  evidence  that  these, 
as  well  as  the  other  contents  of  this  valuable  periodical,  are  of 
interest  to  geologiste. 

Those  to  whom  the  study  of  Cephalopoda  is  of  special  interest 
will  find  a  reference  to  the  particulars  about  existing  giant  Squids, 
such  as  the  Architeuthis,  at  p.  586,  vol.  i.  Some  found  dead  on  the 
Grand  Banks,  by  the  Massachusetts  fishermen,  had  bodies  15  feet 
long,  and  18  inches  in  diameter;  some  had  arms  36  feet  long;  and 
one  was  estimated  to  weigh  lOOOlbs. 

P.  Girod's  researches  on  the  ink-bag  and  ink  of  Cephalopods 
(p.  876,  voL  i.)  are  also  of  considerable  interest,  especially  in  view 
of  the  frequent  occurrence  of  such  ink-bags  in  the  fossil  state.  He 
finds  that  the  ink  contains — 

Carbon  63-6  to  63-9 

Hydrogen  4  and  a  fraction 

Nitrogen 8-6  to  88 

Its  constituents  are — in  100  parts — 

Water    60 

Mineral  substances    8*613 

Insoluble  organic  substances 30*636 

Extractiye  matters 0*861 

The  mineral  substances  include  calcium,  magnesium,  sodium, 
potassium,  and  iron ;  and  the  acids  include  carbonic,  sulphuric,  and 
hydrochloric,  but  not  phosphoric  acid. 

C.  D.  Walcott's  investigations  on  the  structure  of  Trilobltes  and 
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their  appendages  are  brought  forward  at  p.  736,  vol.  L  He  finds  a 
the  ventral  membrane,  intestinal  oanal,  suboapitular  appendages, 
those  of  the  thorax  and  pygidinm,  and  the  respiratory  apparatuH. 
J.  D.  Dana  criticizes  these  results,  and  suggests  that  these  are 
portions  of  the  outer  ventral  shell,  serving  as  attachments  for  the  - 
thin  membranous  ai'ticulated  appendages  already  attributed  to 
Trilobites. 

S.  H.  Scudder's  remarks  on  the  structure  and  affinities  of  Carbon- 
iferous Myriapoda,  to  the  eflfect  that  they  cannot  be  referred  to  the 
Diplopoda  nor  to  the  Chilopoda,  but  should  be  placed  in  a  new  sub- 
order, for  which  the  name  of  Arehipolypoda  is  proposed,  are  to  be 
found  at  p.  598,  vol.  i. 

The  researches  by  Messrs.  Vine  and  Shrubsole  in  fossil  Polyzoa 
(Jurassic  and  Carboniferous)  are  noticed  at  p.  882,  vol.  L 

Seguenza's  elaborate  memoir  on  the  Tertiary  Fossils  of  the 
Province  of  Reggio  in  Calabria  is  noticed  at  p.  594,  vol.  i. ;  and  a 
careful  abstract  of  the  Polyzoa  (Bryozoa)  therein  described  is  given. 
Some  new  genera  and  species,  living  in  the  Australian  seas,  and 
described  by  Mr.  R.  H.  MacGillivray,  are  enumerated  at  p.  593. 

The  valuable  results  of  A.  G.  Nathorst's  investigations  of  the  track- 
marks  of  marine  and  other  Invertebrata,  and  of  the  natural  trailiiigs 
of  aquatic  plants,  in  elucidation  of  fossil  tracks  and  trails,  and  of 
the  so-called  Fucoids,  etc.,  are  given  in  full  abstract  (after  T.  Fuchs) 
at  p.  324,  etc.,  vol.  ii.  Also  liis  researches  on  the  fossil  conditions 
of  MedusoB  or  Medusoid  animals  in  the  same  Cambrian  strata  of 
Sweden,  at  vol.  ii.  p.  326.  Notices  of  these  very  interesting  illus- 
trations of  hitherto  doubtful  Palajozoic  fossils  were  also  given  in  the 
Geological  Magazine  for  January,  1882.  pages  22  and  24.  A 
noticeable  feature  in  Mr.  Nathorst's  work  is  the  careful  list  of  all 
previous  memoirs  treating  of  track-marks, — a  bibliography  of  con- 
siderable extent,  but  somewhat  neglected  hitherto.  We  may  remark 
that  in  the  Portfolios  of  Drawings  in  the  Library  of  the  Geological 
Society  of  London  are  some  original  sketches  of  Crustacean,  Mol- 
luscan,  and  other  tracks  by  the  late  Hugh  Strickland. 

At  p.  394,  vol.  ii..  we  have  a  notice  of  the  conclusion  arrived  at 
by  Meunier-Chalraas, — namely,  that  the  Eocene  genus  Ovulitcs  is 
in  his  opinion  identical  with  PemctlluSj  Link,  Nesea^  Lamx.,  and 
Cornlliodendroiif  Kiitzg.,  for  which  he  establishes  a  new  section  of 
SijjhoneoBy  distinguished  by  their  dichotomous  branching.  One  of 
the  Eocene  species  is  said  to  be  closely  allied  to  the  existing 
Mediterranean  Coralltodendron  mediterraueum.  These  have  been 
previously  regarded  as  belonging  to  a  group  of  Protozoa,  known  as 
the  DaclyloporidcB,  to  which  also  belongs  Triplopoiella^  found  by 
Steiiimann  in  a  limestone  of  the  Lebanon. 

How  far  Diatomacese  may  serve  geologists  in  recognizing  fluviatile 
and  marine  deposits,  the  researches  of  Dr.  F.  Bossey  on  the  mud- 
banks  of  the  Thames  give  some  good  indications  (p.  94,  vol.  ii.). 
Mud  taken  from  seven  different  localities  showed  the  following 
proportions  of  fresh-water  and  salt-water  forms  : — 
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Fresh-water.     Salt. 

Half  a  mile  above  Teddington  Look  66     0 

One  mile  below  Teddington  Lock   64     0 

Kew    62    37 

Blackwall  39    46 

Estuary  of  the  Thames    9     60 

The  examination  of  the  hard  diatom-rock  of  Nykjobing  in  Jutland 
gave  W.  Prinz  some  interesting  results  as  to  the  structure  of  some 
Diatoms  (see  voL  i.  p.  507).  His  views  are  criticized  by  A.  Grunon, 
p.  246,  vol.  ii. 

In  the  Tertiary  shales  of  Wamsdorf,  Bohemia,  K.  J.  Taranek  has 
found  remains  of  a  Moss  (Fontinalis  f),  with  Diatoms  in  a  very  good 
state  of  preservation;  one  of  these  (Melosira  arenana)  still  exists 
in  Bohemia. 

Mr.  H.  G.  Hawks'  enumeration  of  the  uses  to  which  diatomaoeous 
earth  is  applied  (p.  785,  vol.  i.)  is  of  great  interest.  It  is  used  as  a 
material  in  the  manufacture  of  soluble  silica  and  soluble  glass,  of 
porcelain,  of  some  cements  and  artificial  stones ;  as  manure ;  as  a 
drying  material  in  laboratories ;  as  a  vehicle  for  mineral  oil  in  light- 
ing fires ;  for  making  floating  bricks ;  in  the  manufacture  of  dyna- 
mite, giant  powder,  lithofracteur,  and  other  explosives;  and  of 
some  soaps.  It  is  said  also  to  be  an  important  constituent  of  at  least 
one  tooth-powder  ("  sozodont ") ;  and  it  has  been  used  in  packing 
ice  cases. 

That  Sponge-spicules  constitute  the  chief  material  of  some  chert 
from  the  Carboniferous  Limestone,  as  proved  by  Prof.  W.  J.  Sollas, 
is  mentioned  at  p.  615,  vol.  i. 

A  philosophic  warning  for  geologists  occurs  in  the  abstract  of  T. 
Fachs's  paper  on  Pelagic  and  Deep-sea  Fauna,  at  p.  485,  vol.  ii., 
where  it  is  pointed  out  that  aggregations  of  animals  analogous  to 
those  characteristic  of  abyssal  depths  may  occur  in  the  dark  caverns 
under  the  coral-reefs  of  Brazil,  thus  bringing  deep-sea  forms  in  near 
contiguity  with  those  of  littoral  habits. 

The  very  questionable  occurrence  of  fossil  organisms  in  meteorites, 
supported  by  Hahn,  Karsten,  and  Weinland,  is  noticed  at  p.  722, 
vol.  i.  The  refutation  by  Vogt  is  fully  given  at  p.  176,  vol.  ii. ;  and 
has  been  already  referred  to  in  the  Gkol.  Mag.  Sept.  1882,  p.  424. 

Tlio  notes  on  preparing  thin  sections  of  coal  and  mica-schist,  at 
pp.  577  and  578,  vol.  ii.,  are  worthy  of  attention.  T.  R.  J. 
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ON  THE  CAUSES  OF  ELEVATION  AND  SUBSIDENCE. 

Sir, — In  June  of  last  year  I  contributed  an  article  to  the  Geolo- 
gical Magazine  in  which  I  endeavoured  to  show  that  any  addition 
of  weight  on  any  part  of  the  earth's  surface  produced  a  subsidence, 
while  any  removal  of  weight  was  followed  by  a  tendency  towards 
elevation.  The  evidence  I  brought  forward  covering  a  very  wide 
range,  and  my  article  having  been  brief,  I  barely  alluded  to  some 
sections  of  it,  and  only  remarked  in  reference  to  accumulations  of  ice 
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that  in  the  Glacial  period  they  seemed  to  have  been  accompanied  by 
Bubsidenoe,  and  that  Greenland  appeared  to  be  sinking  at  the  present 
day  under  its  ice-cap.  On  the  21st  Jane  of  this  year,  Mr.  T.  F. 
Jamieson,  F.G.S.,*  read  a  paper  before  the  Greological  Society,  the 
published  abstract  of  which  represents  his  view  of  the  subject  to  be 
''that  the  depression  of  the  land  was  caused  by  the  weight  of  ice 
laid  upon  it,  and  the  re-elevation  by  the  disappearance  of  the  ice." 
I  do  not  know  whether  Mr.  Jamieson  claimed  complete  originality 
for  his  hypothesis,  but  in  any  case  the  evidence  collected  by  him 
must  be  of  great  value  and  is  very  welcome. 

J.  Stabkib  Gabdneb. 


GREAT  POST-GLACIAL  FLOODS  AND  THE  PLUVIAL  PERIOD. 

Sir, — In  reference  to  Mr.  H.  H.  Howorth's  statement  (see  Gbol. 
Mao.  Sept  p.  417)  that  Mr.  Belt  urged  that  these  Floods  (Gravel- 
Period)  were  caused  by  the  pounding  back  of  the  European  rivers, 
and  the  consequent  formation  of  a  European  lake  by  a  Great 
Atlantic  Glacier  (see  Thomas  Belt's  papers,  Quarterly  Joum.  of 
Science,  No.  44,  Oct.  1874,  and  July,  1878,  pp.  316-360),  I  may 
observe  that  (in  the  Quart  Joum.  Geol.  Soc.  1868,  vol.  xxv.  p.  10) 
I  had  previously  stated  that,  ''  the  gorging  of  ice  at  the  mouth  of  the 
Thames,  Seine,  and  Somme,  may  have  assisted  in  the  production  of 
some  of  the  remarkable  gravel -beds  in  these  rivers." 

With  regard  to  Mr.  Howorth's  criticisms  on  the  uniform  motion 
of  rivers  (op,  cit.  p.  419),  I  may  observe  that  if  the  water  in  a 
navigable  river  did  not  tend  not  only  to  a  uniform  mean  motion, 
but  to  uniform  maximum  and  minimum  motion  in  the  respective 
parts  of  its  channel,  floods  or  short  water  would  ensue. 

I  particularly  excepted  the  case  of  floods,  because  they  occur 
whenever  the  motion  of  the  stream  at  any  part  deviates  by  excess 
from  its  uniform  mean  motion.  If  Mr.  Ho  worth  will  refer  to  my 
paper  in  the  Phil.  Mag.  1853,  pp.  258-274,  he  will  find  that  I 
have  particularly  noticed  the  inequality  of  the  current  in  rivers,  and 
show  that  the  origin  of  horse-shoe  bends  is  attributable  to  inequalities 
of  rainfall,  and  of  speed  of  the  water  in  diflferent  parts  of  its  channel. 

From  Mr.  Howorth's  criticisms  of  the  various  opinions,  explana- 
tions and  theories  of  Sir  Charles  Lyell,  Messrs.  Prestwich,  S.  V. 
Wood,  T.  Belt,  Croll,  myself,  and  others,  I  conclude  that  the  ex- 
planations of  these  geologists  all  fail  to  satisfy  him  ;  nevertheless  he 
is  ready  with  a  theory  of  his  own,  calculated  to  meet  all  the  difficid- 
ties  of  the  student  of  Quaternary  Geology.  This,  so  far  as  I  am 
able  to  comprehend  it,  is  a  modification  of,  but  far  transcends  the 
wildest  speculation  of  M.  Adhemar. 

Alfbed  Ttloe. 

Sheflet  IIouhe,  Cak8halton,  Surrey, 
Sept,  16M,  1882. 


*  See  the  ftill  text  of  Mr.  JamieBon's  paper,  Geol.  Mao.  Sept.  and  Oct.  1882, 
pp.  400  and  467.— Edit.  Gbol.  Mao. 
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I.    Eabth-Moyemknts, — Tbbmobs  and  Pulsations. 

THE  subjoined  communication,  which  appeared  in  the  columns  of 
the  Time9f  for  October  11th,  from  Professor  John  Milne, 
F.G.S.,  of  the  Imperial  College,  Tokio,  Japan,  is  of  so  much  im- 
portance to  Physicists  and  Geologists  all  over  the  world,  that  we 
should  be  negligent  in  our  duty  to  our  readers  did  we  not  specially 
call  their  attention  to  it  It  is  easily  to  be  conceived  that,  in  -a 
country  like  Japan,  where  Earth-Movements  and  Earthquakes  are 
of  constant  occnrrence  and  alarming  in  magnitude,  the  Government 
and  the  people  alike  see  the  vital  importance  of  studying  their 
attendant  phenomena,  and  whether  in  building  houses,  chimneys, 
laying  pipes  and  drains,  they  are  glad  carefully  to  consider  how 
practically  to  guard  these  against  destruction  by  this  common  form 
of  dislocatory  disturbance.  A  Society  known  as  the  "  Seismological 
Society  of  Japan  "  has  been  established  by  Prof.  J.  Milne  some  two 
or  three  years  since  in  Tokio,  and  publishes  a  most  excellent  journal ; 
and  all  scientific  men,  are  invited  to  co-operate  in  making  seismo- 
logical observations.  Hitherto,  disturbed  areas,  where  earthquake- 
movements  are  developed  in  intensity,  have  alone  been  carefully 
studied  and  their  phenomena  recorded ;  but  Prof.  Milne's  aim  is  to 
demonstrate,  that,  by  the  use  of  delicate  instruments,  the  most  stable 
areas  in  the  world  can  all  be  shown  to  be  subject  to  more  or  less 
sensible  tremors  and  pulsations  of  the  solid  crust,  and  that  it  is  the 
duty  of  all  scientific  men,  who  can  command  the  use  of  suitable 
appliances,  and  delicate  test-apparatus,  to  examine  into,  collect  and 
record  these  more  minute,  but  none  the  less  important  and  measur- 
able strains  and  earth-throbs. 

If  we  could  penetrate  some  silent  umbrageous  recess  in  a  tropical 
forest,  and  could  there  have  conveyed  to  us  by  a  microphone  all 
the  to  us  inaudible  sounds  going  on  around,  our  brain  would  be 
stunned  by  the  vast  pulsations  of  animal  and  vegetable  life  throb- 
bing everywhere — the  rushing  sap  in  the  trees,  the  bursting  buds, 
the  growing  plants,  the  busy  insects — in  fact  all  sounds  of  life 
would  be  transmitted  to  our  sharpened  hearing  in  a  torrent  of 
audible  vibrations. 

If,  instead  of  contemplating  the  pulse-throbs  of  organic  beings,  we 
could  cause  our  microphone  to  bear  upon  the  ground  beneath  us,  we 
should  speedily  be  aware  that  the  inorganic  materials  of  which  our 
globe  is  composed  are  also  in  a  state  of  unrest,  suffering  slowly 
everywhere  from  pressures,  strains,  dislocations,  and  displacements, 
giving  rise  to  earth- currents,  tremors,  and  other  indications  of  dis- 
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turbance  of  equilibrium,  proviDg  tbat  alow  but  ceaseless  changes  ora 
for  ever  taking  place  beneath  our  feet.  However  minute  then  these 
earth-pulsations  are,  they  deserve  to  be  recorded  by  the  oosmologisti 
with  the  same  care  that  the  biologist  bestows  upon  the  movements 
of  living  organisms,  and  we  tnist  that  Prof.  Milne's  efforts  to  awaken 
an  interest  among  the  physicists  and  geologists  of  this  country  in 
these  researches  may  be  crowned  with  success. — Edit.  Giol.  Mag. 

Eabth-Movbhsnts. 

By  ProfesMnr  Johw  Miurs,  F.G.S., 

Imperial  College  of  Engineering,  Tokio,  Ji^mui. 

EEGENT  investigations  appear  to  have  shown  that  terra  fima 
is  a  phrase  indicating  a  condition  of  our  solid  earth  which 
scientifically  has  no  existence.  The  crust  of  the  earth  is  in  a  state 
of  constant  movement.  When  these  movements  are  sudden  and 
violent,  we  call  them  earthquakes;  transient  shiverings,  whidi 
require  the  aid  of  instruments  to  make  them  visible,  we  call  earth 
tremors ;  movements  of  longer  period  and  greater  amplitude,  causing 
large  areas,  like  islands  and  continents,  to  rise  and  fall  like  rafU 
upon  the  ocean,  are  called  oscillations.  To  express  the  study  of  the 
whole  of  these  Earth-movements  it  would  here  be  convenient  to 
have  a  special  term.  Seismology,  or  the  study  of  earthquakes,  is 
principally  indebted  for  its  present  scientific  aspect  to  the  labours 
of  Mr.  Robert  Mallet,  who,  in  his  classical  work  on  the  Neapolitan 
earthquake,  and  in  his  numerous  other  writings,  showed  the  world 
that  earthquake  phenomenti,  when  properly  questioned,  could  give 
solutions  to  various  problems  respecting  the  physics  of  the  globe, 
which  previously  had  not  been  thought  of.  In  the  methods  em- 
ployed by  him,  working  tools  were  left  for  all  succeeding  seismo- 
logists. Before  his  time  earthquake  literature  was  little  more  than 
the  records  of  strange  occurrences  and  dreadful  calamities ;  but  in 
his  hands  seismology  became  a  science.  So  much  having  been  ac- 
complished by  an  Englishman  for  the  first  and  most  conspicuoas 
branch  of  the  study  of  Earth -movements,  it  ceiiainly  devolves  on 
us  vigorously  to  prosecute  the  remaining,  and  what  are  probably 
the  more  important,  branches  of  this  study. 

We  have  learnt  that  earthquakes  are  the  result  of  a  complexity 
of  causes.  Principal  causes  are  usually  so  modified  by  secondary 
ones  that  it  is  difficult  and  often  impossible  to  assign  definite  reasons 
for  these  terrible  phenomena.  Earthquakes  are  to  our  continents 
what  storms  are  to  the  ocean ;  in  both  we  have  phenomena  which 
•attract  attention  by  their  appalling  nature.  They  are  anomalies  io 
nature's  operations  which  come  upon  us  suddenly  and  are  foretold 
with  difficulty.  In  the  ocean,  however,  we  have  phenomena  which 
are  more  regular  and  universal  in  their  working  than  the  storms, 
and  which  can  be  predicted  with  certainty.  These  are  the  tides. 
In  these  motions  of  the  earth's  crust  it  is  very  probable  we  have 
phenomena  which  are  analogous  to  tides  as  well  as  storms,  and 
which,  like  the  tides,  are  to  be  classed  among  the  law-abiding  pheno- 
mena of  nature's  operations.    These  are  tremors  and  oscillations. 
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Of  late  we  have  learnt  much  about  earth  tremors  from  Messrs. 
George  and  Horace  Darwin,  who,  while  endeavouring  to  measure 
the  lunar  disturbance  of  gravity,  have  shown  us  that  even  in  Britain 
we  have  a  soil  which  is  subject  to  storms  of  microscopic  earth- 
quakes. These  disturbances  were  so  numerous  and  of  such  a  mag- 
nitude that  they  eclipsed  the  results  which  were  being  sought 
for,  and  the  problem  of  experimentally  measuring  the  pull  exerted 
by  the  moon  had  to  be  relinquished.  In  Japan  microscopic  move- 
ments of  like  character  have  been  recorded  with  apparatus  similar 
in  principle  to  that  employed  by  Messrs.  Darwin.  Among  the 
earliest  work  done  in  the  investigation  of  these  minute  movements 
was  that  inaugurated  by  Timoteo  Bertelli,  of  Florence,  who,  in 
1870,  announced  that  he  had  perceived  the  earthquakes  which  shook 
Bomagna,  although  to  ordinary  observers  in  Florence  these  move- 
ments had  not  been  perceptible.  Although  doubt  was  cast  upon 
Bertelli's  work,  it  appears  to  have  been  the  origin  of  a  series  of 
microseismical  observations,  a  distinguished  leader  in  which  is  Pro- 
fessor M.  S.  de  Kossi,  who  told  us  in  1874  that  almost  all  large 
earthquakes  were  preceded  by  microseismic  storms.  Another  re- 
sult which  has  been  announced  is  that  the  microseismic  motions 
increase  with  the  fall  of  the  barometer.  A  third  result  is  that 
these  disturbances  are  sometimes  simultaneously  recorded  through- 
out the  whole  of  the  Italian  Peninsula. 

These  and  other  equally  interesting  results  have  already  been 
more  or  less  clearly  established,  and  the  object  in  here  mentioning 
them  is  practically  to  show  that  earth  tremors  may  have  a  real  and 
possibly  a  universal  existence.  It  may  not  have  occurred,  perhaps, 
to  many  Englishmen  that  the  mountains  and  plains  on  which  they 
dwell  are  probably  in  a  state  of  perpetual  vibration  ;  that  England 
is,  in  fact,  quivering  like  a  mass  of  jelly  in  a  spoon ;  that  there  is 
a  continuous  tremulous  motion  going  on  everywhere  in  the  earth.  In 
earth  tremors  we  have  one  of  the  most  universal  of  nature's  pheno- 
mena, and  one  which  has  hitherto  been  almost  entirely  overlooked. 

From  accidental  observation  and  from  direct  experiments  we 
know  earthquakes  can  produce  electrical  phenomena  of  alarming 
magnitude  in  our  telegraph  lines  and  cables.  May  we  not,  then, 
ask  what  is  the  connexicm  between  earth  currents  so  observed  and 
microseismic  storms?  Are  they  connected  with  disturbances  in  the 
earth's  magnetism  which  are  being  so  studiously  recorded  in  all 
accessible  parts  of  the  globe  ?  Do  they  hold  any  relation  to  varia- 
tion in  earth  temperature?  In  short,  what  are  these  movements, 
and  what  connexion  have  they  with  phenomena  exerting  an  influence  * 
upon  our  e very-day  existence  ? 

To  science  the  observation  of  these  disturbances  opens  a  new 
realm  for  investigation.  The  observations  made  in  Italy  apparently 
indicate  that  they  may  hold  some  relation  to  the  risitig  and  sinking 
of  our  land  which  Mr.  George  Darwin,  in  his  last  report  to  the 
British  Association,  has  shown  is  a  consequence  of  barometrical 
variation.  Their  maxima  may,  perhaps,  be  related  to  the  elastic 
tides  of  the  earth's  crust,  and,  therefore,  they  may  be  as  periodic  as 
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the  tides  in  the  ocean.  From  time  to  time  we  read  of  the  collapse 
of  underground  excavations  in  mines,  resulting  in  the  loss  of  life  and 
property.  We  may  reasonably  ask  whether  these  catastrophes  do 
not  hold  some  relation  to  tlie  palpitations  of  our  earth's  orust,  which 
hitherto  have  not  been  investigated.  In  instances  like  these,  may 
they  not  have  been  analogous  to  the  last  straw  on  the  camel's  back 
and  the  ultimate  cause  of  ruin  and  destruction  ? 

To  point  out  the  rewards,  not  only  scientific,  but  also  directly 
utilitarian,  which  might  accrue  from  the  systematic  investigation  of 
earth  tremors,  is  at  present  only  a  task  involving  speculations. 

These  movements  of  the  ground  on  which  we  dwell  being 
phenomena  so  universal,  and  which  promise  such  rich  rewards  to 
those  who  successfully  prosecute  their  investigation,  it  surely  becomes 
our  duty  to  establish  the  necessary  means  for  their  examination. 

After  the  earth  tremors  we  have  to  consider  the  existence  of  a 
class  of  movements  on  our  soil  which  yet  require  further  observation 
before  we  are  assured  that  they  can  be  recorded  experimentally. 
These  are  similar  to  those  spoken  of  by  Mr.  George  Darwin,  who 
has  shown  us  that  an  increase  in  barometrical  pressure  over  an  area 
is  equivalent  to  loading  that  area  with  a  weight,  in  consequence  of 
which  it  would  bo  depressed.  Sir  William  Thomson  likens  this 
phenomenon  to  placing  a  pile  of  sovereigns  on  a  mass  of  jelly. 
When  these  loads  are  removed  the  depressed  area  rises,  and  an 
oscillation  of  the  earth's  crust  has  been  completed.  Earth  tremors 
have  been  unnoticed  by  ordinary  observers  because  the  amplitude  of 
their  motion  was  so  small ;  oscillations  like  these  have  been  over- 
looked because  the  period  of  their  vibration  is  so  long.  Whether 
movements  analogous  to  these,  which  may  be  caused  by  atmospheric 
pressure,  and  which  are  of  great  amplitude  and  long  duration,  exist 
in  nature,  is  at  present  to  some  extent  problematical.  That  they 
exist  and  have  a  connexion  with  many  phenomena  which  are  at 
present  unintelligible  is  not  improbable.  Among  these  phenomena 
may  be  mentioned  the  abrupt  oscillation  in  the  levels  of  water 
which,  from  time  to  time,  have  taken  place  in  inland  lakes.  Thus 
we  have  the  Seiches  and  Buhssen  of  Switzerland  in  lakes  like  Geneva 
and  Constance.,  where  the  waters,  for  reasons  without  definite  ex- 
planation, rise  suddenly  through  a  distance  ranging  from  a  few 
inches  to  a  yard.  The  like  phenomena  exist  in  the  Baltic,  in  the 
great  lakes  of  Americ«^  and,  probably,  all  over  our  globe.  Similar 
phenomena  appear  sometimes  to  have  been  connected  with  great 
earthquakes,  in  countries  at  long  distances  from  the  scene  of 
.destruction,  and  the  water  in  lakes  and  ponds  has  slowly  run  back- 
wards and  forwards  without  any  motion  being  perceptible  in  the 
ground  by  those  who  observed  the  strange  movement  of  the  water. 
This  appears  to  have  been  the  case  in  England  in  1755,  on  the  day 
of  the  great  Lisbon  earthquake,  when  the  water  in  the  lakes  and 
pools  oscillated  to  and  fro  like  the  water  in  a  basin  which  is  being 
slowly  tilted.  At  Lisbon  the  vibrations  of  the  ground  were  rapid 
and  severe ;  but  when  they  reached  England  it  seems  probable  that 
the  period  of  motion  heyd  been  so  far  lengthened  that  the  vibration 
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of  tbe  ground  was  too  slow  to  be  perceived  excepting  in  tbe  water 
as  already  mentioned.  Whether  this  was  definitely  the  case  or  not 
I  am  unprepared  to  say,  but  certainly  these  phenomena  have  their 
parallel  in  experiments  upon  artificially-produced  vibration  of  the 
earth ;  as  the  disturbance  radiates  from  its  centre,  the  waves,  if  they 
may  be  so-called,  become  longer  in  their  period. 

Surely,  when  we  know  as  much  as  this,  for  us  to  determine 
whether  these  slow  pulsatory  movements,  perhaps  emanating  from 
great  depths,  are  taking  place  in  the  earth  on  which  we  live,  is 
a  legitimate  investigation. 

As  a  field  from  which  a  rich  reward  might  be  gathered  by  those 
who  are  willing  to  labour  in  it,  and  which  would  yield  results  of 
the  highest  importance  to  those  working  at  earth  tremors,  it  may  be 
pointed  out  that  almost  every  inhabitant  of  a  civilized  country  who 
dwells  within  100  yards  of  a  railway  line  experiences  storms  of  the 
most  interesting  microscopic  earthquakes  produced  by  passing  trains, 
every  vibration  of  which  might  be  recorded.  Artificial  tremors  like 
tliese,  and  many  others  produced  in  a  similaf  manner,  have  hitherto 
only  been  regarded  as  the  bugbear  of  practical  astronomers  and 
experimental  physicists. 

Before  the  United  States  Naval  Observatory  at  Washington  was 
erected  Professor  H.  M.  Paul  was  deputed  to  make  a  tremor  survey, 
and  to  discover  stable  ground.  Sir  Qeorge  Airy,  who  was  troubled 
with  the  tremors  of  Greenwich  Hill,  has  left  a  record  of  his  battles 
with  theise  obtruders  in  apparatus  designed  to  eat  them  up. 

Lieutenant-Colonel  Palmer,  when  observing  the  transit  of  Venus 
in  New  Zealand  in  1874,  intrenched  himself  against  the  enemy  by 
digging  pits.  Captain  Eater,  with  his  pendulums,  father  than  fight 
the  foe,  fled  out  of  London. 

All  that  science  has  usually  done  for  artificially-produced  tremors 
has  been  to  destroy  them,  and,  if  not  successful,  to  bury  them  with 
imprecations. 

How  far  a  set  of  diagrams  which  tremors  like  these  could  be  made 
to  draw  would  be  supplemental  to  the  work  which  will  be  accom- 
plished sooner  or  later  by  those  who  undertake  the  observation  of 
natural  tremors  it  is  needless  to  dilate  upon.  With  telescopes  and 
other  instruments  we  are  measuring  the  motions  of  the  heavenly 
bodies ;  with  thermometers,  barometers,  and  other  instruments  we 
are  perpetually  examining  the  temperature  and  pressure  of  the 
atmosphere ;  with  tide  gauges  we  note  the  rise  and  fall  of  the  ocean. 
Surely  after  this  it  becomes  imperative  that  we  should  pay  some 
attention  to  the  movements  of  the  land  on  which  we  dwell. 


U. — Cn  some  Rkmains  of  Plants,  Foeaminifkra  and  Annelida, 
IN  THE  Silurian  Rooks  of  Central  Wales. 

By  Walter  Kbbpino,  M.A.,  F.G.S.,  Keeper  of  the  York  Museam. 

(PLATE    XI.) 

1VN0  years  ago  if  a  Palseontologist  had  been  asked   to  mention 
a  region  in  Britain  most  barren  of  fossils,  he  might  well  have 
ected  that  great  area  of  Central  Wales  which  is  marked  h\  a 
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sombre  grey  in  the  maps  of  H.M.  Geological  Survey.  And  even 
now,  after  my  laborious  search  in  that  country,  it  cannot  be  said  to 
be  anything  better  than  very  poor  in  organic  remains. 

We  have,  however,  now  found  a  considerable  number  of  speci- 
mens, and,  what  is  more  important,  the  species  are  quite  sufficient 
to  establish  the  exact  age  of  the  Cardiganshire  group  of  rocks,  and 
determine  their  order  and  succession.  They  belong  to  the  Lower 
Llandovery  period. 

The  most  important  of  the  fossils  found  belong  to  the  group  of 
Graptolites,  of  which  I  have  already  given  an  account  with  the  kind 
help  of  Prof:  Lapworth.*  But  there  are  other  fossils  and  markings 
of  great  interest  which  have  been  reserved  until  now  for  description, 
although  their  names  are  already  published.  They  form  the  subject 
of  the  present  paper. 

There  has  been  some  discussion  of  late'  on  the  nature  of  such 
obscure  markings  as  occur  in  the  Aberystwyth  grits,  and  perhaps 
the  impression  of  many  naturalists  that  they  are  of  inorganic  origin 
has  been  increased.  Doubtless  there  are  in  the  Cardiganshire  rocks 
many  markings  of  that  nature,  but  the  things  I  here  describe  are 
not  such,  but  are  structures  of  such  distinct  type  and  regularity  of 
form  as  to  leave  no  room  for  doubt  of  their  organic  nature. 

The  very  ancient  Foraminifera  bare  described,  and  the  fact  of 
their  close  resemblances  to  modern  forms,  are  also  matters  of 
particular  interest. 

The  Aberystwyth  rocks  abound  in  extraordinary  markings  of  con- 
cretionary or  other  orij^in,  and  great  beds  of  rock  have  been  re-made 
by  these  agents,  Iwit  I  find  in  most  cases  little  difficulty  in  deter- 
mining which  of  the  peculiar  structures  are  of  organic  origin  and 
which  are  not. 

Many  even  of  the  irregular  concretions  have  had  their  first  origin 
in  some  organic  structure  such  as  the  position  of  a  seaweed,  or  even 
the  track  of  a  worm  ;  but  these  imperfectly  marked  structures  I  have 
not  recorded  in  this  paper,  only  describing  the  thoroughly  well- 
marked  types  of  whose  organic  nature  there  is  no  room  for  doubt 

Description  of  Fossils  from  the  Cardiganshire  Group. 

Plants. — The  remains  of  plants  ai-e  very  conspicuous  in  the  rocks 
of  Cardiganshire,  especially  in  the  Aberystwyth  Grits.  In  many  cases 
we  meet  with  the  well-known  difficulty  of  distinguishing  between 
tnie  plant  structures  and  worm  markings,  but  some  of  the  vegetable 
remains  are  perfectly  clear  and  indisputable,  such  as,  for  example, 
the  various  forms  of  fan-shaped  Algoe  of  the  Genus  Buthotrephia, 

Another  type  of  vegetable  structure  is  seen  in  the  Net  Algal 
{Retio/ttcus  exienswiy  n.  sp.),  which  consists  of  substantial  bar-like 
structures,  similar  to  bodies  which  are  very  generally  referred  to 
worm  casts.  The  vegetable  nature  of  this  structure  cannot  however 
be  doubted,  as  an  inspection  of  the  figure  will  show  (see  PL  XI.  Fig. 
6),  and  it  cannot  possibly  belong  to  the  Annelida.     We  are  thus 


*  Quart.  Journ.  Geol.  Soc.,  May,  1881. 
>  Nathorut,  Geol.  Mao.  1882,  p.  24. 
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prepared  to  reoeive  other  forms  as  vegetable  remains,  such  as  the 
PaUeochorda  tardifureataf  n.  sp.,  whose  general  aspect  is  more  worm- 
like. The  last-mentioned  species  has  indeed  in  itself  sufficient 
evidence  as  to  its  real  plant  nature,  showing  here  and  there  distinct 
branchings  (PL  XI.  Fig.  5) ;  but  the  ordinary  specimens  found  would 
certainly  be,  by  many  Palsdontologists,  referred  to  worms.  Thus  I 
am  led  to  regard  most  of  the  simple  worm-like  surface  structures 
upon  our  Cardiganshire  Orits  as  strap-like  seaweeds. 

It  is  noteworthy  that  these  structures  usually  project  as  convex 
bodies  upon  the  under  surfaces  of  the  Grit  beds. 

Buthotrephis  major,  n.  sp.     PI.  XI.  Figs.  I  and  2. 

Plant  consisting  of  a  long  stalk  of  very  uniform  diameter,  from 
the  upper  end  of  which  springs  an  umbellate  head  or  racemoid  cone 
of  branches.  Branches  usually  8»~I0  or  more  in  number,  mostly 
simple,  but  sometimes  dividing  dichotomously.  The  branches  do 
not  start  from  exactly  the  same  point  at  the  end  of  the  stalk,  though 
they  all  terminate  nearly  at  one  level,  so  that  the  structure  is  really 
oorymboid ;  but  the  central  axis  may  be  so  far  developed  that  the 
head  consists  of  a  central  rachis  with  lateral  branches,  pine-tree 
fashion  (Fig.  2).  Width  of  branches  scarcely  less  than  the  main 
stem,  very  uniform  throughout 

Measurements  of  type  specimen, — Length  of  stalk,  2  inches; 
breadth  of  stalk,  1^  mm. ;  length  of  branches,  I^  inches;  breadth 
of  branches,  I^  mm. 

Usually  this  species  occurs  as  a  delicate  impression,  or  as  half- 
compressed  solid  bodies  in  the  Metalliferous  Slate  Series;  but  the 
plant  has  not  unfrequently  been  buried  upright,  as  it  lived,  in  the 
sediment,  when  the  circular  sections  and  tip  end  of  the  branches 
come  to  resemble  rain  pittings. 

In  the  Aberystwyth  grits  of  Craiglais,  Aberystwyth,  a  group  of 
more  delicate  narrow  branched  fan  Algad  occurs,  most  of  which 
probably  belong  to  this  species,  their  more  scanty  and  delicate 
form  being  the  consequence  of  less  favourable  life-conditions  in  the 
sands  than  in  the  clayey  sea-bed. 

Localities  and  Geological  Horizon, — In  the  Aberystwyth  Grits  and 
Metalliferous  Slates  at  Craiglais,  Aberystwyth  ;  Llyn  fron  Goch, 
Llantrisant ;  Rhyd  y  Felin ;  Cefn  Coch ;  S.  of  Tal  y  Bont ;  Pont 
Erwyd ;  Wern  Grug,  Llanilar  road ;  Llanilar ;  Clarach ;  Talerddig ; 
Tregaron ;  Pennant  Valley,  Llanbrynmaer ;  Machynlleth ;  East  of 
Llan  y  Mowddwy. 

Also  at  Hodgson  How  Quarry,  Keswick  (?). 

Buthotrephis  minor,  n.  sp.     PI.  XI.  Fig.  3. 

A  stouter  but  smaller  form  than  the  last,  and  branching  more 
freely.  Stalk  short  and  stout,  giving  off  rapidly  some  two,  four,  or 
more  main  branches,  which  commonly  divide  once  or  twice  again. 
A  short  irregular  and  expanded  cone-head  results,  with  the  branches 
often  fascicled.  The  branches  are  markedly  smaller  than  the  main 
stalk. 
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the  Chondrites  figured  by  M'Coy  from  the  Skiddaw  Slate ;  and  some 
are  worm  markings. 

Fragments  similar  to  the  PaUsophycus  (f)  atriattis  of  Prof.  Hall, 
are  not  uncommon,  and  certain  long  square  rods  remind  one  of  FaL 
simplex,  Hall.     But  I  doubt  whether  these  are  organisms  at  all. 

Nematolites. — These  are  curious  irregular  branching  structures  of 
widespread  occurrence  in  Cardiganshire.  They  are  always  found  as 
solid  bodies  of  pale  chocolate  colour  and  earthy  constituency,  spread- 
ing out  in  a  loose  manner  over  the  dark  shales,  from  which  they  may 
ofien  be  easily  isolated  and  mounted  free  of  rock.  Good  specimens 
may  be  collected  on  Craiglais.  With  the  magnifying  glass  and 
microscope  no  cells  or  other  structures  can  be  detected  upon  the  sur- 
face, but  some  specimens  show  decided  indications  of  a  central  axis. 
By  preparing  thin  sections  for  the  microscope  this  axis  is  shown 
to  be  only  the  dark  argillaceous  rock  matrix,  so  that  the  original 
stem  was  fistular  (see  PL  XL  Fig.  10) ;  the  thickness  of  the  walls 
being  less  than  the  diameter  of  the  interior  of  the  tube^  No  minute 
structure  is  preserved  in  the  walls. 

I  regard  these  bodies  as  forms  of  Coralline  Alge,  the  stems 
having  been  originally  rigid  and  calcareous.  It  is  probable  that  the 
NematoUtee  Orayii  (Lapw.)  of  the  Girvan  district  is  of  the  same 
nature. 

There  appear  to  be  two  species  in  Cardiganshire. 

1.  Nematolitea  Edwardsii,  n.  sp.     PI.  XI.  Figs.  8-11. 

Plant  calcareous,  branching,  consisting  of  long  wire-like  cylindrical 
stems  of  uniform  thickness  (1  mm.),  sometimes  straight,  but  usually 
with  irregular  curves  and  twistings.  Branches  are  given  off  in  a 
most  random  manner,  a  stem  often  remaining  perfectly  simple  for 
several  inches  and  then  giving  off  quite  a  bush  of  branches,  or  even 
forming  a  network.  Still,  the  general  build  is  very  open  and  loose. 
The  branches  are  of  the  same  character  as  the  main  stems,  and  there 
is  no  perceptible  diminution  in  their  thickness.  The  included  angle 
of  division  varies  from  an  acute  angle  to  a  right  angle ;  commonly 
it  is  very  wide,  i.e.  nearly  a  right  angle.  Occasionally  these 
branches  coalesce  or  are  bound  together  by  a  cross  branch  so  as 
locally  to  form  a  network. 

Localities, — In  the  Aberystwyth  Grits  and  Metalliferous  Slates  at 
Craiglais,  Aberystwyth  ;  Ty  Llwydd  on  the  Rheidol;  Devil's  Bridge 
above  Taliessin,  Llantrisant,  Dyffryn  Castell,  East  of  Devil's  Bridge. 

Similar  bodies  occur  in  the  Arenig  rocks  of  Barf  near  Keswick 
and  Ellengill.  See  specimens  in  the  Museum  of  Practical  Geology, 
iv.  4.  42-44,  called  "  branching  Polyzoon."  See  also  Salter  in  Quart. 
Joum.  Geol.  Soc,  vol.  xix.  p.  187,  fig.  14. 

Also  last  year  (1881)  I  found  this  structure  in  the  grits  of  Hodgson 
How,  Keswick,  in  a  rock  which  is  identical  with  the  Aberystwyth 
group. 

2.  Nematolitea  deridroidium,  n.  sp.     PL  XL  Fig.  12. 

Distinguished  from  the  other  species  by  having  a  distinct  trunk 
and  main  stems,  from  which  smaller  lateral  branches  are  given  off. 
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Tliese  branches  are  usually  dendroid,  but  oocasionally  they  anasto- 
mose to  form  a  network. 

Localities, — Waun  Nantydd  Valley,  between  Trawsooed  and  Llan- 
trisant ;  above  Taliessin  ;   in  the  Metalliferous  Slates. 

Foramini/era.     PL  XL  Figs.  13-15. 

The  Rev.  J.  F.  Blake  first  detected  these  organisms  in  the  slates 
of  Cwra  Symlog,  and  published  a  note  on  their  oocurrenoe  in  the 
Gkol.  Mao.  1876  (Dec.  II.  Vol.  IIL  p.  134).  Mr.  Blake  writes :  ''The 
most  perfect  of  these  hollow  casts  could  not  be  distinguished  from 
that  of  Dentalina  communis,  and  I  could  venture  to  name  other  forms, 
but  with  less  certainty."  Of  these  other  forms  I  have  succeeded  in 
finding  better  specimens,  which  prove  them  to  belong  to  the  genera 
Botalia  (?)  and  Texttdaria.  They  occur  as  minute  ochreous  spots 
in  thin  pale  slaty  shales,  either  elongated  (Dentalina)  or  rounded 
(Rotalia^  and  Texttdaria),  On  examining  them  with  the  lens,  their 
camerated  structures  are  perfectly  clearly  seen,  the  chambers  being 
still  hollow,  and  the  original  test,  with  the  internal  septal  stmotuies, 
replaced  by  an  oxide  of  iron.  From  six  to  eight  chambers  are  seen 
in  the  Botalia,  fifteen  in  the  Textularia,  and  from  five  to  nine  in  the 
Dentalina,  The  Dentalincs  are  straight,  or  nearly  so,  but  occasionally 
curved  ;  their  partitions  are  mostly  oblique,  but  vary.  Length  from 
1  mm.  to  1^  mm. 

It  is  remarkable  that  these  forms  of  the  Foraminifera  are  undis- 
tinguishable  from  our  common  living  species.  JVlr.  Blake  has 
pointed  out  the  similarity  of  the  Dentalina  to  the  living  D.  communis; 
the  Botalia  and  Textularia  are  also  identical  with  recent  shells  of 
these  genera.  I  therefore  offer  no  new  specific  names  for  these 
earliest  known  types  of  our  ordinary  Foraminifera.^ 

Annelida. 
Myrianites  Lapworthii,  n.  sp.     PL  XI.  Figs.  16,  17. 

A  well-marked  worm  trail  from  Morben  quarry,  near  Machynlleth. 
Only  three  specimens  are  known,  two  of  them  being  upon  the  same 
slab  of  slate.  They  are  coiled  in  parallel  transverae  curved  dupli- 
catures,  which  gradually  diminish  in  length  up  to  an  apex,  so  as  to 
produce  that  remarkable  conoidal  worm  trail  so  well  known  in  the 
Lampeter  species  figured  in  Murchison's  **  Silurian  System." 

The  total  breadth  of  the  body  is  5  or  5 J  mm.,  consisting  of  an 
axial  groove  or  body  proper,  and  the  impressions  of  the  lateral  feet 
on  either  side.  The  axial  groove  is  a  gentle  depression,  2  mm. 
broad,  and  well  defined.  It  is  simple,  or  only  slightly  sinuous 
from  the  encroachments  of  the  feet.  Feet  represented  by  gentle 
semicircular  or  oval  prominences,  continuous  (in  contact  with  one 
another),  and  alternating  on  the  two  sides  of  the  body  groove.  Each 
foot  is  well  defined,  measuring  2  mm.  broad,  and  from  2 — 3^  mm. 
in  length.     In  some  parts  arched  grooves  cross  the  foot- markings 

^  Foraminifera  occur  also  in  the  shales  above  the  Bala  Limestone  at  Guildfield, 
near  "Welshpool ;  and  Mr.  Da>'ies  of  Oswestry  tells  me  of  others  at  Glascoed,  near 
Llan  y  blodwell,  Montgomeryshire. 
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obliquely  from  the  front,  dividing  it  into  several  (4)  lobes.  Cirrhi 
and  setaa  unknown. 

The  particular  characters  of  the  species  are  the  proportions  of  the 
body  and  feet,  and  the  shape  of  the  latter.  It  is  distinguished  from 
M.  McLeayi  by  its  larger  size  and  broader  axis,  and  by  its  broad  oval 
feet 

Locality  and  Formation. — Morben,  near  Machynlleth ;  in  the 
Metalliferous  Slate  Series. 

Orthoceras,  sp.     PI.  XI.  Fig.  18. 

I  have  not  been  able  to  determine  the  species  of  this  Orthoceras, 
for  the  shell  itself  is  unknown,  only  internal  casts  being  found. 
The  more  mature  part  of  the  shell  is  similar  to  0.  vagan$  in  its 
distant  septa,  but  it  tapers  more  rapidly.  In  the  younger  shell,  on 
the  other  hand,  the  septa  are  closer  set,  and  the  shape  is  more  cylin- 
drical. Other  cylindrical  and  slender  Orthoceratites  with  distant 
septa  also  occur,  and  if  all  these  belong  to  one  species  it  must  be 
very  variable  in  form. 

Measurements. — Length,  3  inches ;  breadth  of  broad  end,  10  mm. ; 
breadth  of  small  end,  2^  mm. ;  breadth  midway,  4^  mm. ;  distance 
between  septa  midway,  3  mm. ;  <Jistance  between  septa  near  apex, 
1  mm. 

Localities, — Corys ;  Taren  y  Gesail ;  Melin  Newydd  Valley ; 
^glwys  Fach ;  Cefn  Hendre ;  and  Steddfa  Gurig. 

EXPLANATION  OF  PLATE  XI. 
FossUb  from  the  Cardiganshire  Group  (LlaDdoyeries). 

Fio.     1.  Buthotrephia  major y  Epng.,  river  side  near  Tal  y  bont. 

2.  ,,  ,,      yar.  Llyn  Fron  Gocb,  Llantrisant. 

3.  ,,         minor y  Epng.,  Pont  Erwyd. 

4.  Algffi  from  Mjnydd  bach. 


»» 

»»  _  _   . 

y,  6.  PcUaochorda  tardi/urcataj  n.  sp.  Aberystwyth. 

,,  6.  Eetio/ueus  exiemusy  n.  sp.  Cefn  Ooch,  Aberystwyth. 


7.  ,,  ,,       young  form,  Allt  wen,  Aberystwyth. 

,,  8-11.  NemaiolUes  £dwurd*ii,  n.  sp.  Aberystwyth. 

12a.  NematolUe*  dendroideumy  n.  sp.  near  Llantrisant. 

\2b,  A  part  of  same  enlarged. 

13a.  Dentalina, 

\Zb,  The  same  magnified,  Cwm  Symlog. 
,,      14.  Textularia,  ma^fied,  Cwm  Symlog. 
,,      16.  Hotaiia?  magnified,  Cwm  Sjinlog. 
,,16,17.  Myrianites  Lapworthiiy  n.  sp.  Morben,  Machynlleth. 

18.   Orlhoetragy  sp.  Taren  y  Gerail,  S.  of  Cader  Icms. 


if 
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in.— Notes  on  the  Permian  and  Trias. 

By  Professor   Edward    Hull,    M.A.,   LL.D.,  F.R.S., 
Director  of  the  Geological  Survey  of  Ireland. 

I  WISH  to  make  one  or  two  observations  on  the  Rev.  A.  Irving's 
paper  on  **  The  Permian  and  Trias,"  which  has  appeared  in 
the  Geological  Magazine,  and  of  which  he  has  been  so  good  as 
to  send  me  a  separate  copy. 

My  first  observation  refers  to  the  geological  age  of  the  Sandstone 
of  the  vale  of  the  Eden,  in  which  he  quotes  my  name  as  a  supporter 
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of  the  view  that  it  is  of  Permian  age.  Now,  I  wish  to  state,  that 
personally  I '  have  never  given  an  opinion  to  this  effect,  nor  have  I 
had  any,  bat  a  very  limited,  opportunity  of  forming  one.  When  it 
was  announced  some  years  ago  by  Sir  R.  I.  Marchison  and  Professor 
Harkness,  that  the  Upper  Sandstones  of  the  valley  of  the  Eden, 
previously  supposed  to  be  Triassic,  were  in  reality  of  Permian,  age, 
I  accepted  their  views  with  the  reliance  due  to  statements  proceeding 
from  such  high  sources.  But  as  the  evidence  was  rather  of  an 
inferential  and  indirect  nature,  I  am  quite  prepared  to  fall  back  on 
Professor  Sedgwick's  views  as  soon  as  the  officers  of  the  Greological 
Survey  shall  have  definitely  pronounced  in  their  favour. 

I  must,  however,  take  some  exception  to  the  manner  in  which  Mr. 
Irving  has  represented  the  respective  positions  of  Sir  R.  I.  Marchison 
and  Professor  Harkness  in  reference  to  this  question.  It  is  scarcely 
correct  to  say,  that  the  former  *'  manipulates  the  observations  "  and 
*'  overrides  the  previous  judgment  of  the  latter  "  as  regards  the  age 
of  the  Upper  Sandstones.  As  a  matter  of  fact,  Murchison  and 
Harkness  are  equally  responsible  for  the  views  expressed  in  their 
joint  paper.*  Murchison  writes  the  "  Introduction  " — but  all  through 
the  statements  are  made  in  the  plural  number,  and  are  the  result  of 
their  joint  observations.  Of  this  any  one  may  satisfy  himself  by 
reference  to  the  paper,  and  I  think  Mr.  Irving  was  hardly  justified 
in  his  way  of  representing  the  course  taken  by  my  former  chief. 

My  next  point  is  in  reference  to  Mr.  Irving*s  statements  regarding 
the  •*  Upper  Permian  "  beds  of  South  Lancashire.  I  very  much 
regret  that  it  betrays  a  hastiness  of  inference  not  to  be  expected  of 
one  who  undertakes  to  review  the  whole  question  of  the  relations  of 
British  Permian  and  Trias.  Starting  with  the  statement  that  Mr. 
Strahan  has  "  recently  shown  "  that  a  certain  duplex  series  of  marls 
and  sandstones  which  had  been  observed  by  Mr.  Binney  and  myself  to 
"crop  out  in  one  place  " — and  were  supposed  by  them  to  be  Permian 
— are  really  the  base  of  the  Triassic  series  in  that  district,  he  goes  ou 
to  question  the  existence  of  Upper  Permian  beds  in  South  Lancashire 
altogether.  Now,  in  the  first  place,  1  beg  to  say  that  Mr.  Strahan 
has  shown  nothing  of  the  kind ;  and  even  if  he  had  done  so  as  regards 
the  St.  Helen's  section,  it  would  not  have  affected  the  general  ques- 
tion of  the  existence  of  Permian  beds  in  South  Lancashire.  The 
locality  in  question  is  at  the  extreme  western  limit  of  the  district, 
and  isolated  from  the  main  tract  which  ranges  from  Winwick  to 
Manchester.  Mr.  Strahan's  visit  to  South  Lancashire  must  have 
been  a  flying  one,  in  which  he  gathered  up  the  most  recent  informa- 
tion from  new  sinkings,  and  if  he  had  contented  himself  with  giving 
the  information  thus  acquired,  without  the  generalizations  in  which 
he  indulges,  I  would  have  had  no  objection  to  offer.  But  I  must 
protest  against  such  ex  parte  publication  of  views  by  an  officer  of 
the  Survey  made  under  such  circumstances,  in  the  face  of  those  first 
arrived  at  by  such  a  careful  observer  as  the  late  Mr.  Binney,  who 
spent  a  lifetime  in  collecting  evidence  and  formidating  his  conclu- 
sions thereon ;  and  secondly,  of  myself,  who  spent  several  years  in 

*  Quart.  Joum.  Geol.  Soc.  vol.  xx.  p.  144. 
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mapping  this  district  oflScially,  and  had  opportunities  for  observation 
and  deduction  which  Mr.  Strahan  could  not  have  obtained. 

As  a  matter  of  fact,  I  have  visited  all  the  sinkings  which  he 
describeSi  and  another  which  he  does  not  describe,  viz.,  one  at 
Abrara  near  Winwick,  in  which  beds  of  calcareous  marl  with  lime- 
stone bands  are  passed  through  below  the  New  Bed  Sandstone,  and 
from  which  I  myself  collected  numerous  small  shells  of  Permian 
age  of  a  kind  which  are  to  be  found  in  these  beds  wherever  they 
occur  along  the  border  of  the  Coal-field,  such  as  Schizodus,  Turbo^ 
Aonnus.  etc.,  fossils  which  prove  beyond  question  that  these  beds  (as  I 
have  shown  in  one  of  my  papers)  are  the  representatives  of  the  Mag- 
nesian  Limestone  of  the  horth-east  of  England.  These  fossiliferous 
beds  I  regard  as  the  equivalents  of  those  referred  to  by  Mr.  Strahan, 
and  nowhere  do  they  occur  in  the  New  Red  Sandstone. 

I  would  ask  Mr.  Irving  whether  he  has  consulted  the  Survey 
Memoii-s  of  the  South  Lancashire  Coal-field,  those  of  Prescot,  Wigan, 
Bolton,  Oldham,  and  Manchester,  and  of  Stockport,  and  if  so, 
whether  he  deliberately  rejects  the  evidence  therein  detailed  regard- 
ing the  existence  of  these  Upper  Permian  beds.* 

Mr.  Binney,  who  first  determined  the  age  of  these  beds,  and  had 
with  admirable  industry  collected  the  details  of  every  available 
section  from  Stockport  on  the  east  to  Liverpool  on  the  west,  placed 
the  question  of  their  age  beyond  doubt,  both  by  evidence  of  uncon- 
formity to  the  Trias  above,  and  to  the  Carboniferous  beds  below,  as 
well  as  by  pal  aeon  tological  evidence.'  On  the  question  of  the  uncon- 
formity to  the  New  Red  Sandstone,  the  sections  along  the  valley  of  the 
Mersey,  depending  partially  on  borings,  and  partly  on  visible  evidence, 
first  made  out  by  Mr.  Binney,  and  afterwards  verified  by  myself,^  is 
conclusive,  even  if  it  stood  by  itself.  They  show  the  Permian  Marls 
with  bands  of  limestone  129  feet  thick  at  Heaton  Mersey,  the  same 
at  Hope  Hill,  only  25  feet,  and  at  Stockport  nearly  absent,  as  the 
Pebble  Beds  of  the  Bunter  rest  almost  directly  on  the  Lower  Per- 
mian Sandstone.*  This  overlap  is  from  west  to  east,  and  shows  that 
the  Upper  Permian  Marls  become  thicker  towards  the  Cheshire 
Plain,  along  the  eastern  side  of  the  Coal-field,  though  the  converse 
is  the  case  on  the  Liverpool  side. 

As  regards  the  general  question  dealt  with  by  Mr.  Irving,  I  am 
almost  inclined  to  concur  that  there  is  but  little  evidence  to  support 
the  view  of  a  threefold  division  of  the  Permian  beds.  That  there  is 
a  two-fold  division  I  no  less  strongly  hold ;  and  if  he  will  do  me 

*  Mr.  Irving  mentions  the  name  of  Mr.  De  Ranee  as  a  snpporter  of  Ids  views. 
This  I  can  scarcely  credit.  At  any  rate  he  must  excuse  my  accepting  his  unsupported 
statement. 

"^  Contained  in  several  papers  but  chiefly  in  the  following,  **  On  the  Permian  Beds 
of  the  North-west  of  England,'*  Mem.  Lit.  and  Phil.  Soc.  Manchester,  vol.  xii.  A 
list  of  the  fossils,  and  the  creneral  succession  of  the  formations  in  S.  Lancashire,  will 
be  found  in  the  "  Coal-fields  of  Great  Britain,**  4th  ed.,  p.  198. 

5  ••  Geology  of  the  Country  around  Stockport,  Macclesfield,  etc.,*'  Mem.  Geol. 
Survey,  pp.  34-6 

*  Such  thick  beds  of  marl  as  those  here  stated  nowhere  occur  in  the  Bunter  Sand- 
stone. I  do  not  recollect  throughout  the  whole  of  Lancashire  and  Cheshire  even 
seeing  a  marly  band  more  than  about  six  or  eight  feet  in  thickness. 
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the  favour  to  consult  my  paper  **  On  the  Evidence  of  a  Kidge  of 
Lower  Carboniferous  rocks  under  the  Plain  of  Cheshire,"  *  he 
will  see  how  I  explain  the  differences  in  the  mineral  characters  of 
the  lower  division  as  it  occurs  in  the  Midland  Counties,  and  in  the 
Northern. 
Dublin,  18M  Sept,  1882. 

IV. — Notes  on  the  Post-Carboniferous  (Dyassic)  and  Triassic 

Deposits  of  the  Alps. 

By  the  Key.  A.  Ibvino,  B.A.,  B.Sc.,  F.G.S. ; 
of  Wellington  College, 

THE  purpose  of  this  communication  is  to  supplement  the  author's 
paper  on  the  ''  Classification  of  the  European  Rocks  known  as 
Permian  and  Trias,"  which  has  appeared  in  recent  numbers  of  this 
Magazine.  It  is  based  on  a  short  communication  made  to  Section  G. 
of  the  British  Association  at  the  recent  meeting  at  Southampton,  and 
has  been  expanded  into  the  present  paper  at  the  request  of  the 
President  of  the  Section,  R.  Etheridge,  Esq.,  F.R.S. 

Reasons  were  given  in  the  former  paper  for  not  considering  the 
names  *  Dyas '  and  *  Permian  *  as  altogether  suitable  as  general  terms 
applicable  to  the  European  area  as  a  whole,  since  they  severally 
connote  the  respective  facies  of  the  rocks  of  this  age  in  particular 
areas.  It  is  with  geological  history  as  with  an  imperfectly  known 
country,  one  feels  the  desirability  of  great  and  distinctive  land- 
marks ;  and  such  a  land-mark  is  furnished  for  later  Palseozoic  times 
by  the  great  Carboniferous  system.  The  name  *  Post-Carboniferous ' 
was  therefore  proposed  as  a  general  term,  and  this  name  is  here 
retained,  until  a  better  one  is  proposed,  upon  the  high  authority 
(among  others)  of  Prof.  Giimbel  of  Vienna  as  well  as  of  that  of 
Credner.  It  has  been  urged  against  the  use  of  this  term,  that  it 
applies  to  any  and  all  of  the  formations  which  are  later  in  time 
than  the  Carboniferous  period.  Such  an  objection  is  to  my  mind  a 
feeble  one  ;  one  might  almost  as  well  say  that  a  *  postscript '  to  a  letter 
includes  all  that  the  writer  of  the  letter  has  since  written.  This,  like 
so  many  other  questions  of  nomenclature,  cannot  be  settled  by  mere 
reference  to  a  Latin  dictionary:  if  it  could  be,  a  boy  in  a  grammar 
school  mi^ht  perhaps  decide  it  for  us.  One  feels,  and  every  one  who 
has  read  Latin  at  all  must  feel,  that  in  composition  the  prepositions 
acquire  a  flexibility  which  they  do  not  possess  to  the  same  extent 
in  their  un agglutinated  use.  Surely  *  post- '  does  sometimes  mean 
*  coming  after  in  importance '  as  well  as  in  sequence  of  time ;  the 
term  in  question  therefore  implies  that  the  series  to  which  it  refers, 
though  having  a  sufficiently  pronounced  facies  of  its  own  to  be 
entitled  to  be  regarded  as  a  system  distinct  from,  is  yet  in  some 
sense  subordinated  to,  the  Carboniferous  system.  Further,  in  con- 
sidering the  propriety  of  the  use  of  the  term  now  under  discussion, 
it  should  be  borne  in  mind  that  the  strata,  to  which  the  name  '  Post- 
Carboniferous '  is  here  applied,  are  recognized  as  falling  into  the 

^  Quart.  Joviim  GeoV.  Soc.  yoL  xxv,  p.  171. 
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category  of  the  Paladozoio  rocks  :  the  notion  of  their  oomprehension 
in  this  great  series  precedes  therefore,  and  guides,  our  apprehension 
of  the  meaning  of  the  term  as  it  is  here  used. 

The  main  object  of  this  paper  is  to  dfaw  attention  to  some  of  the 
latest  results  obtained  by  workers  in  Alpine  geology,  so  far  as  they 
apply  to  our  series :  the  results  of  the  observations  made  by  Oiimbel; 
von  Hauer,  Mojsisovics,  £mmerich,  Zittel,  Theobald,  Pichler  (not  ' 
to  mention  others),  should  be  better  known  than  they  are  to  the 
majority  of  English  geologists.  Maps  published  only  a  few  years 
ago,  in  which  a  great  portion  of  the  limestone  strata  of  the  Alps  was 
comprehended  under  the  general  name  of '  Alpenkalk,'  a  name  with 
which  one  is  familiar  in  Cotta's  "  Die  Alpen  "  (a  highly  suggestive 
work),  and  other  writings  of  that  period,  are  now  practically  obsolete 
for  purposes  of  geological  observation. 

PoBi'Carhimiferous  (Dyassic)  Strata. — On  the  northern  side  of  the 
gre&t  east-and-west  crystalline  axis  of  the  Alpine  chain  observations 
hitherto  made  seem  to  have  failed  to  detect  the  presence  of  any 
very  extensive  deposits  which  can  be  referred  to  this  system :  the 
Triassic  strata  (according  to  von  Hauer)  follow  at  once  upon  highly 
metamorphosed  rocks  of  Silurian  age.'   Yon  Hauer,  however,  includes 
certain  deposits  (Yerrucano,  eta)  among  the  Triassic  strata,  a  proviso 
which  must  be  borne  in  mind  in  comparing  this  statement  with  the 
dark  streak  which  represents  these  deposits  on  his  Map  of  Tirol, 
indicating  their  intervention  between  the  crystalline  and  stratified 
series   in   N.  Tirol.     Further,  a   glance  at  the  excellent   Map   of 
.  Switzerland  by  Studer  and  Escher  von  der  Linth  shows  that,  with 
the  exception  of  these  Yerrucano  deposits  here  and  there,  the  Jurassic 
strata  as  a  rule  immediately  succeed  the  crystalline  rocks  of  the 
Central  or  Swiss  Alps.     In  the  southern  zone  the  deposits  thus  far 
observed,  which  appear  to  be  of  Post-Carboniferous  age,  are  com- 
prehended also  under  the  term  '  Yerrucano.'     This  may  be  defined 
as  a  series  of  grey  and  red- brown  conglomerates  and  breccias,  with 
red  sandstones,  and  here  and  there  coal-bearing  strata.     Yon  Hauer 
refers  these  to  the  lowest  horizon  of  the  Trias,  but  admits  that  they 
may  with  equal  propriety  be  considered  (in  part  at  least)  as  belonging 
to  the  age  preceding  the  Trias  :  Giimbel  goes  further,  and  recognizes 
in  them  the  Alpine  equivalents  of  the  Kothliegende  of  Germany. 
The  latter  writer  also  points  out  that  in  places  {e.g.  in  the  Gailthaler 
Gebirge)  limestone-strata  containing  marine  fossils  occur,  which  he 
considers  to  be  comparable  with  the  Zechstein,  or  at  least  with 
'*  strata  recognized  as  of  Dyassic  age  in  the  Nebraska  region  of 
North  America."* 

Accepting  then  the  place  assigned  by  Giimbel  to  the  Yerrucano 
and  its  associated  deposits,  we  see  that,  as  in  the  German  and  Eng- 
lish areas,  so  in  the  Alpine  area  (or  more  correctly  that  portion 
of  the  earth's  surface  now  occupied  by  the  great  Alpine  mountain- 
system)  the  age  of  the  Bothliegende  was  characterized  by  enormous 

J   Vide  descriptive  text  of  the  Geologlsche  Uebersichtikarte  der  Oesterreichuchen 
MonarehUf  Blatt  No.  6,  by  Dr.  Franz  llitter  von  Hauer. 
'  Anleitung  zu  Oeol.  Beobachtungen  in  den  Alpen,  von  6.  W.  Giimbel. 
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Tolcanio  activity.  An  example  of  this  is  seen  in  the  extensive 
development  of  volcanic  rocks  (commonly  known  as  'qaartz-por- 
phyries '),  which  form  the  principal  feature  of  the  Bozen  district 
Here  we  find  prohably  the  most  extensive  display  of  snoh  rocks 
which  the  present  surface  of  the  earth  furnishes.  The  eruptive 
character  of  these  '  porphyries '  is  dearly  illustrated  in  the  case  of 
the  Rittner  Horn,  the  culminating  peak  of  a  district  between  the 
valleys  of  the  Sam  and  the  Eisack  known  as  the  Bitten.  Walking 
from  Bozen  to  the  summit  of  the  mountain,  and  more  especially  in 
the  upper  part  above  Elobenstein,  one  passes  in  succession  over 
alternating  'quartz-porphyries'  (such  as  are  extensively  use  for  build- 
ing purposes  in  P^zen)  and  ash-beds.^  The  stratification  of  these 
'ash'  deposits  is  brought  out  in  the  clearest  possible  manner  by 
weathering,  and  frequently  angular  fragments  (blown  by  steam 
along  with  finer  debris  from  the  ancient  volcanic  canal)  are  seen  in- 
cluded in  them  :  on  the  most  highly  weathered  surfaces  these  frag- 
ments may  be  detached  easily  with  a  common  alpenstock.  In  many 
cases  a  hand  specimen  (except  on  the  point  of  hardness)  could 
scarcely  be  distinguished  from  a  specimen  of  tufa  or  peperino  taken 
from  the  Roman  hills,  the  colours  of  both  these  being  here  repro- 
duced. The  juxtaposition  of  the  tufif-deposits  and  the  ancient  lava- 
flows  may  be  frequently  observed  in  situ.  The  summit  of  the 
mountain  preserves  the  outline  of  a  portion  of  the  ancient  crater, 
the  remaining  walls  of  which  can  be  traced  as  distinctly  as  one  can 
trace  the  remaining  crater- walls  of  slaggy  basalt  of  Tertiary  age  at 
Daun,  or  in  the  Mosell^erg  in  the  Eifel.  It  would  almost  appear 
even  that  some  of  the  beds  were  originally  vesicular  acidic  lava- 
flows,  and  that  the  steam -cavities  have  been  subsequently  filled  with 
quartz,  perhaps  (as  M.  Daubree  has  taught  us)  by  the  action  of 
super-heated  water  upon  the  siliceous  materials  of  the  rock.  This 
hypothesis  is,  I  think,  warrantable,  when  we  take  into  account  the 
results  obtained  by  M.  Daubree  (especially  the  deposition  of  crystalline 
quartz)  by  heat  from  such  a  siliceous  composition  as  we  commonly 
call  "glass,"  under  sufficient  pressure  in  mere  super-heated  water.' 
These  Bozener  volcanic  rocks  being  in  all  probability  of  Dyassic 
age,  the  history  of  the  Alpine  mountain-system  supplies  ample  data 
for  the  application  of  the  physical  principle  so  ably  demonstrated 
by  the  great  French  savant. 

The  phenomena  presented  to  us  in  this  mountain  seem  to  me  to 
go  altogether  to  confirm  the  view  maintained  by  Prof.  Credner,  of 
Leipzig,"'  that  the  true  place  of  these  rocks  known  as  '  quartz-por- 
phyries,' in  any  system  of  classification  of  the  crystalline  rocks,  is 
among  the  *  Older  Eruptive  liocks,'  and  that  they  ought  not  to  be 

^  The  earth -pillars  (^  Erd-pyramiden')  of  the  neifirhbourhood  are,  or  have  Wn, 
Bevorally  eapped  with  blocks  of  quartz-poq)h}Ty,  but  I  think  the  tiner  materials 
which  constitute  them  are  more  largely  derived  from  the  tutfs  (clastic  rocks)  than 
from  the  cr)*stAlliDe  rocks ;  both  those  of  the  Finsterbach  near  Lengmoos,  and  the 
group  lower  down  near  Bozen. 

2  fide  Etudes  Synthetiques  d^  Oeologie  Exptrimentale,  par  A.  Daubr6e,  pp. 
165-G 

3  Elemente  der  Geologies  3rd  edition,  pp.  274,  276. 
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included  among  the  rocks  called  *plutonic'  as  they  are  in  Lyell's 
Students*  Elements^  The  mountain  appears  to  he  nothing  more 
than  an  ancient  *  stratified  cone/  in  the  sense  in  which  this  term  is 
used  by  the  writer  just  referred  to. 

It  is  on  the  margins  of  such  districts  as  the  Bozen  volcanic  region 
that  the  deposits  known  as  Yerrucano  are  commonly  met  with.  In 
such  a  relation  they  occur  (according  to  G umbel)  on  Lake  Lugano, 
in  the  Bundener  Alps,  in  Windgalle,  in  the  Mont-Blano  group,  in 
Judioarien,  in  Yal  Lugana,  near  Oilly,  and  near  Raibl.  Since  the  above 
observations  on  the  structure  of  the  Rittner  Horn  were  made  by  the 
writer  two  or  three  months  ago,  he  has  found  the  intimate  relation  in 
which  the  *  porphyries '  are  placed  to  the  ash-deposits  noticed  by 
von  Hauer.'  The  passage  is  worth  quoting :  ''  The  oldest  porphyries 
present  (in  the  Bozen  district)  are  younger  than  the  clay-slates 
through  which  they  have  pushed  their  way,  and  upon  the  surfaces  of 
which  they  are  spread  out,  while  the  latest  reach  no  further  forward 
in  time  than  the  older  Trias;  since  the  tuffs,  which  on  the  one 
hand  are  placed  in  most  intimate  relation  with  the  solid  porphyries, 
pass  on  the  other  hand  without  any  definite  limit  into  die  con- 
glomeratic and  sandy  rocks  of  the  Lower  Trias."  These  'Lower 
Triassio'  strata  of  von  Hauer  are,  as  we  have  seen  above,  the 
strata  referred  by  Giimbel  to  the  age  of  the  German  Dyas,  for  the 
most  part. 

Transition  Beds, — Of  late  the  view  has  been  propounded  by 
some  German  and  Austrian  writers  that  the  lower  portions  of  the 
Werfener  Schichten  and  the  massive  white  limestone  of  Schwaz  (in 
the  Inn  Thai)  on  the  northern  side  of  the  Alpine  chain,  as  well  as 
the  Grddner  Schichten,  the  black  *  Bellerophon  Limestone '  of  the 
Puster  Thai  (abounding  in  Foraminifera),  the  Brockel  Dolomite, 
near  Triente  (rich  in  copper  ore),  on  the  southern  side,  should  all  be 
regarded  as  belonging  to  the  upper  horizon  of  the  Dyas  or  Post- 
Carboniferous  system.  This  view  is  controverted  by  Giimbel  on  the 
ground  that  the  organic  remains  found  in  them  do  not  give  them 
''  a  pure  Dyassic  character,  but  very  much  more  that  of  a  transition 
series  from  the  Dyas  to  the  Trias.''  This,  he  points  out,  is  par- 
ticularly the  case  with  the  plant-remains  recently  found  in  the 
Grodner  Sandstein  at  Neumarkt,  near  Bozen,  and  in  the  numerous 
recently -discovered  fauna  of  the  Bellerophon-Limestone  of  the  Puster 
Thai.  Of  these  remains  the  following  are  figured  in  his  excellent 
little  handbook  before  referred  to. 


a.  Plant'Bemains  from  the  Alpine  Bed  and  White  Sandstones,  and 
the  overlying  Orey  and  Calcareous  Strata  at  Neumarkt : — 

JEthophylium  Fotterlianum,  Mass. 

Voltzia  recubarienuSf  Mass.,  and  V.  Me»»alongi, 

V,  Brockhianay  Heer,  and  V.  vicetinaj  Mass. 

Carpolithes  Hungaricus,  Heer,  and  Carp,  foveolatuiy  Heer. 

Baiera  digitata,  Heer. 

1  Third  edition,  1878,  p.  667.  ^  «  Jhidy  pp.  13,  14. 

DECADE   U. — VOL.    IX. — ^NO.   XJ.  ^^ 


498  Rev.  A.  living — Ttiassic  Deposits  of  the  Alps. 

b.  Fauna  of  the  BeUerophon  Limestone : — 

BeUerophom  peregrinut,  Laabe,  and  B,  GAmbeli,  Stach. 

Areheoeidarii  ladina,  Stach. 

Gervillia  eeratophaga,  Schloth.,  and  Oervillia  (sp.  P). 

Avicula  peraeuta^  Stach.,  and  A»  eif^ntiata,  Stach. 

Fteten  partulus,  Stach. 

PkuropkoruB  Jacobi,  Stach. 

Edmomdia  rudU  (P),  M'Coy. 

Aueella  Haunnatmi  (P). 

Spirigera  peraeuta,  Stach. 

Turbonella  (sp.  P). 

Valvulina  alpina^  Giimb. 

Endothyra  radii/era,  Giimb.,  and  E,  timpUx,  Giimb. 

Trochammina  vulgaris^  Gumb.,  and  T.  eraua,  Giimb. 

Bulimina  eontortOy  Giimb. 

Lingulina  lata^  Giimb.,  and  Z.  •uhaeuta^  Giimb. 

Cytkere  oviformis,  Giimb.,  C.  navicula,  G.,  and  C.  porreetftf  G. 

Kirkhya  alpina^  Giimb. 

In  addition  to  the  above,  several  forms  of  doubtful  or  at  present 
undetermined  genera  are  also  figured,  one  of  them  being  a  doubtful 
form  of  Anihracosia. 

The  view  taken  by  Gumbel,  as  to  a  '  transition  series '  between 
the  Dyas  and  Trias  occurring  in  the  Alps,  reminds  one  of  the  regular 
sequence  of  these  strata  in  the  German  area,  which  was  noticed  in 
my  former  paper.  It  also  brings  to  mind  the  way  in  which  Mr. 
Twelvetrees  tells  us  the  Zechstein  series  in  the  Orenburg  country  is 
overlain  conformably  with  sandstones  and  marls,  apparently  almost 
unfossiliferous.^  The  further  investigation  of  both  the  Alpine  and 
the  Russian  series  seems  therefore  thus  far  to  indicate  that  in  these 
regions  we  may  find  the  transition  series  which  we  know  (on  d  priori 
grounds)  must  exist  (or  have  existed)  somewhere. 

Triaasic  Strata. — What  I  have  been  able  to  observe  during  the 
past  summer,  added  to  the  observations  of  former  years,  has  im- 
pressed me  more  than  ever  with  the  profound  truth  of  the  remark 
by  Prof.  Credner,  of  Leipzig,  that  the  true  key  to  the  geological 
history  of  Triassio  times  is  to  be  found  in  the  Alpine  Trias.*  The 
main  results  of  the  investigation  of  these  strata,  so  far  as  it  has 
proceeded  up  to  the  present,  are  given  in  the  table  at  p.  500  of  this 
paper.  The  chief  authorities  for  it  are  von  Hauer,  G Umbel  and 
Credner.  It  presents  in  one  view  both  the  stratigraphical  order  and 
the  palaeontology  of  the  Trias  of  the  Alps.  It  may  be  added  that  ia 
the  classification  Giimbel  (as  representing  the  latest  views)  has  been 
in  the  main  followed,  where  he  seemed  to  have  good  reasons  for 
diff'ering  from  von  Hauer;  but  these  diflferences  are  not  of  very 
great  importance,  except  on  the  point  to  which  reference  has  been 
already  made,  the  geological  age  of  the  Verrucano.  It  will  be  seen 
that  the  three  formations  which  constitute  the  German  Trias  have 
their  equivalents  in  the  Alps  fairly  well  defined.  The  most  notice- 
able thing  about  the  distribution  of  the  Triassio  strata  in  the  Alpine 
area  is  perhaps  their  absence,  or  at  most  their  very  feeble  represen- 

>   Vide  Geol.  Mao.  Sept.  1882. 

2   Vide  my  former  paper  in  recent  Numbers  of  this  Maoazimb. 
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tation,  in  the  Central  Alps.  It  is  only  as  we  proceed  eastward  to 
the  longitude  of  the  eastern  part  of  Lake  Constance  that  we  find  any 
great  development  of  the  series ;  and  this,  progressing  as  we  advance 
through  the  Vorarlherg,  would  appear  to  reach  its  maximum  in  the 
Salzburg  country  on  the  north  side,  and  in  the  S.  Tirol  and  West 
Venetian  Alps  on  the  south  side,  of  the  principal  crystalline  axis, 
llie  relations  of  these  massive  deposits,  for  the  most  part  more 
or  less  of  the  character  of  limestones  (their  greatest  development 
being  either  limestones,  dolomitic  limestoncR,  or  dolomites)  to  the 
more  central  crystalline  rocks,  have  determined  some  of  the  most 
salient  features  of  the  orography  of  the  Alps.  Thus  it  is,  broadly 
speaking,  along  the  lines  of  strike  of  the  Triassic  strata  that  several  of 
the  finest  and  longest  longitudinal  valleys  have  been  formed.  Examples 
of  this  which  at  once  occur  to  one  are  the  Inn  Thai  (from  Landeck 
to  Schwaz),  the  Pinzgau,  and  the  Enns  Thai  to  the  north,  and  the 
Puster  Thai  (the  largest  longitudinal  valley  of  the  Alpine  chain)  to 
the  south  of  the  crystalline  axis.  The  splendid  panorama  presented 
to  the  view  from  the  top  of  the  Schmittenh5he  near  Zell-am-See, 
shows  veiy  well  the  difference  between  the  general  physiography  of 
the  Triassic  strata  to  the  north,  and  the  crystalline  mountain  masses 
(as  represented  by  the  Glockner  Group)  to  the  south.  In  a  similar 
way  the  view  from  the  top  of  the  Rittner  Horn  enables  us  to  make 
a  comparison  between  the  scenery  of  the  beautiful  region  of  the 
'  Dolomite  Alps '  in  one  direction,  and  that  of  the  glacier- regions  of 
the  Ortler  Group  and  the  Oetz-Thal  Group  in  the  other. 

Lines  of  anticlinal  curvature  of  the  strata  on  a  large  scale  (though 
quite  subordinated  to  the  principal  anticlinal  of  the  whole  chain) 
may  be  distinctly  observed  in  places.  Such  an  anticlinal  for  example 
is  seen  to  extend  through  the  upper  part  of  the  Grodner  Thai  by 
Cortina  in  the  Ampezzo  Thai  to  Piave  di  Cadore.  In  this  line  of 
valley  two  principal  passes  are  crossed ;  and  since  neither  of  these 
is  of  sufficient  elevation  to  be  covered  with  glaciers,  the  structure 
of  the  valley  along  the  whole  line  is  easily  observed.  Instances  in 
which  there  is  such  a  clear  connexion  between  the  direction  of  a 
valley  and  a  line  of  weakness  amounting  to  actual  fracture,  along  an 
anticlinal  axis,  are  perhaps  not.  often  to  be  met  with.  Of  course  in 
this  case  the  grass-grown  floor  of  the  valley,  through  the  greater 
part  of  the  line,  leaves  the  origination  of  the  valley  to  be  inferred 
from  the  unmistakable  dip  in  opposite  directions,  not  only  of  the 
massive  limestone  strata,  but  also  of  the  more  thinly  stratified 
Wenger  Schichten  and  Bunter  stratti,  which  are  seen  in  places  dip- 
ping into  the  mountain-side  beneath  the  dolomitic  masses,  which 
constitute  the  often  grotesque  elements  of  the  scenery  of  the  region ; 
but  on  the  passes  the  evidence  is  a  matter  of  more  direct  observation. 
This  is  especially  so  in  the  case  of  the  Grodner  Joch,  at  the  head  of 
the  Grodner  Thai.  The  Pass  itself  is  a  rather  sharp  saddle,  in  the 
lowest  part  of  which  the  strata  are  clearly  exposed  to  view  on  both 
sides  of  the  footpath,  and  the  actual  line  of  fracture  of  the  beds  is 
visible.  The  accompanying  sketch  (Fig.  1)  will  make  this  more 
clear  (see  p.  502). 
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Fio.  1.  Section  across  the  Orodner  Joch  showing  anticlinal  fracture. 

Sella  Ghroap. 


Wengener  Schichten. 
A.  Schlem  Dolomite.  B.  St.  Cassain  Series. 

On  the  pass  Yalparola,  the  contrary  dip  of  the  beds  is  jnst  as 
dearly  seen,  though  the  erosion  has  only  proceeded  down  to  the  St 
Cassian  Beds.  For  the  last  hour  or  so  of  the  ascent  to  this  Pass  one 
walks  over  the  debris  of  these  beds,  and  meets  with  plenty  of 
detached  blocks  of  the  strata  to  impress  one  with  their  highly  fossil- 
iferous  and  often  oolitic  character.  Looking  down  from  the  Pass 
into  the  valley  beneath,  with  the  village  of  St  Cassian  lying  below, 
the  structure  of  the  valley  can  be  clearly  seen  as  the  eye  traces  the 
strike  of  the  several  series  of  strata  in  the  side  of  the  mountain. 
Subjoined  is  a  section  of  one  side  of  the  Valley  of  St.  Cassian. 
(Fig.  2). 

Fig.  2.  L»  Varella. 


Raibler  Schichten. 


S'  Cass  I  an 


>■  Schleni  Dolomite. 


St.  Cassian  Beds. 


^Wengener  Schichten. 


The   Baibler  Schichten  and  Schlem  Dolomite  are  seen   in  tbe 
neighhounuQ  peak  of  HelUgkreuz  passing  underneath  the  Haupt- 
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dolomite.     Megalodus  Triqueter  (in  casts)  abounds  in  these  Upper 
Limestone  strata. 

A  walk  of  two  or  three  days  through  the  Gr5dner  Thai  and  on  to 
Cortina  offers  an  excellent  study  of  a  considerable  portion  of  the 
Alpine  Trias.  Leaving  the  deep  gorge-like  valley  of  the  Eisak, 
which  presents  us  with  splendid  sections  of  the  volcanic  series,  we 
find  ourselves  during  the  first  part  of  the  ascent  of  the  Grodner  Thai 
down  among  the  metamorphio  rocks.  As  we  ascend  the  valley 
mounting  up  enormous  heaps  of  moraine  debris,  we  come  again 
among  the  volcanic  series.  The  enormous  dimensions  of  the  blocks 
of  quartz-porphyry  and  altered  ash  which  make  up  these  moraine- 
heaps  is  astonishing  even  to  one  who  has  seen  a  good  number  of 
moraines  in  other  parts  of  the  Alps.  Here  and  there  the  sides  of 
the  valley  are  seen  falling  back  into  gentle  curves,  suggesting  the 
incipient  stage  of  the  formation  of  cirques  by  the  weathering  away 
of  rocks  with  transverse  planes  of  weakness.  The  principal  moraine, 
as  it  now  appears,  seems  to  explam  the  existence  of  a  quondam  lake, 
which  some  six  centuries  ago  is  said  to  have  filled  all  that  part  of 
the  valley  in  which  S.  Ulrich  now  lies.  In  the  neighbourhood  of 
this  thriving  village  (the  '  Hauptort '  of  the  '  Gemeinde ')  the 
Verruoano  may  be  very  well  observed.  On  mounting  up  the  steep 
ascent  from  St.  Ulrich  to  St.  Jakob  a  capital  study  of  the  Bnnter 
series  is  offered.  These  strata  abound  here  in  gypsum,  and  are  in 
places  fossiliferous,  Fosidonomya  Clares  being  rather  abundant. 
The  scenery  along  the  line  we  have  defined  includes  the  magnificent 
Sella  Group,  and  further  to  the  east  the  Trai  Sassi,  Tofana,  the 
Cinque  Tori,  Serapiss,  etc.  The  rest  may  be  gathered  from  the 
sections  described  above.  What  has  been  here  said  of  a  particular 
district  affords  a  fair  sample  of  the  '  Dolomite  Alps,'  which  occupy 
an  extensive  region  extending  eastward  from  the  Eisak  Thai  and 
southward  from  the  Puster  Thai.  The  almost  unique  scenery  of  the 
region  seems  to  result  from  (1)  the  nearly  horizontal  lie  and  position 
of  the  major  portion  of  the  dolomitic  strata  ;  (2)  the  almost  vertical 
weathering  through  of  the  beds,  partly  as  a  consequence  of  (1) ; 
(3)  the  splintery  fracture  of  many  of  the  hardest  and  most  com- 
pact beds  ;  (4)  the  interbedding  of  marly  deposits  with  the  dolomitic 
masses. 

In  North  Tirol  the  scenery,  though  not  generally  so  striking  as 
that  of  South  Tirol,  rises  however  to  a  high  degree  of  grandeur. 
This,  with  the  Salzburg  country,  is  par  excellence  the  region  of 
valley-lakeSf  a  very  considerable  number  of  which  lie  among  the 
limestone  strata  of  the  Alpine  Trias.  The  boring  through  these 
strata  in  the  Vorarlberg  Tunnel  now  in  progress  from  Landeck  to 
Bregenz,  will  doubtless  throw  much  light  on  the  succession  of  the 
series  in  their  more  western  development  An  example  of  the  enor- 
mous extent  to  which  these  strata  have  in  places  undergone  dislocation 
is  presented  to  us  in  the  Achensee.  This  beautiful  lake  appears  to 
lie  in  a  line  of  fault,  the  throw  of  which  must  be  4,000  to  6,000  feet. 
The  evidence  of  this,  so  far  as  I  have  been  able  to  observe  it,  is  the 
dip  of  the  strata  at  a  high  angle,  on  the  west  side  from  the  lake,  on 
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the  east  side  towards  the  lake,  coupled  with  the  fact  that  while  the 
Triassic  Limestone  strata  strike  north  and  south  along  a  steep 
mountain-face  on  the  western  side,  the  slope  of  the  valley  above  the 
lake  on  the  eastern  side  of  it,  which  is  roughly-speaking  parallel 
with  the  general  dip  of  the  strata,  is  composed  of  what  appear  to  be 
strata  of  the  horizon  of  the  Dachstein  series,  abounding  as  they  do 
with  huge  Corals  of  the  genus  Bhabdophylla  (lAthodendron),  which  are 
characteristic  of  this  horizon.  This  view  of  the  structure  of  the 
valley  is  confirmed,  when  one  ascends  the  Unnutz  or  the  Hochiss, 
which  rise  above  the  Achensee  on  the  east  side,  and  gets  a  view  of 
the  strike  of  the  strata,  repeating  those  of  the  eastern  side  of  the 
lake.  Further,  if  this  be  the  true  explanation  of  the  formation  of 
this  lake-basin  (a  view  which  is  strengthened  by  the  fietct  that  the 
pass  at  Maurach  at  the  southern  end  of  the  lake  is  not  more  than 
40  feet  above  the  level  of  its  waters),  it  serves  perhaps  to  explain 
why  this  lake,  which  is  said  to  be  2,500  feet  in  depth,  fell  4  feet 
during  the  great  Lisbon  Earthquake  in  1755,  and  remained  at  that 
lower  level  for  some  24  hours. 

The  section  of  the  mountain-face  above  St  Gassian  representing 
a  thickness  of  more  than  4,000  feet,  which  has  been  given  above, 
may  be  compared  with  a  typical  section  (after  Mojsisovics)  of  the 
Triassic  strata  in  the  northern  Alpine  zone.  This  is  drawn  through 
the  mountain-mass  which  rises  above  Ssialfelden,  and  terminates  in 
the  rugged  peaks  and  huge  crags  of  the  Steinemes  Meer,  the  profile 
of  which  must  remind  an  observer  of  the  scenery  of  the  so-called 
'Dolomite  Alps.'  Tlie  section  (which  is  given  in  Credner's  text- 
book, fig.  273)  is  as  follows : 

t.  *  Dachstoinkalk  M  t»i     .• 

h.  '  KoraUciikalk '    ]  ^^^^'^' 

gd.     Dolomites  of  the  Cardita-Schicliten  \ 

g.  *  Cardita-Schichten*  fr  xr 

/       White  ^  Wettersteiakalk '  ^^^^^  ^^^P^^' 

e.       Red  '  Plattenkalk '  ) 

d.  *  Vir^rloriakalk '  \  Muschelkalk 

c.  l)ark-ooloiire<l  Limestone  ) 

b.  *  Rauchwacke  *  and  dark-coloured  Limestones  \  ^     . 

a.  Red  'Werfener  Schichten'  j  JJunter. 

Figures  55^  56,  57,  58  in  Gumbel's  "  Anleitung  "  give  also  well- 
chosen  sections  illustrative  of  the  Alpine  Trias. 

To  get  a  clear  idea  of  the  palax)ntology  of  the  Alpine  Trias,  a  visit 
should  be  paid  to  Prof.  Zittel's  splendid  collection  in  the  Munich 
Museum.  The  '  Klipstein  Collection '  in  the  Museum  of  Natural 
History  at  South  Kensington  requires  yet  many  things  to  be  added 
to  bring  it  up  to  the  completeness  of  Zittel's,  which  is  perhaps  the 
finest  and  most  complete  collection  of  the  fossils  of  the  Alpine  Trias 
in  the  world. 

The  Triassic  period  was  marked  by  the  exhibition  of  considerable 
volcanic  energy  in  the  Alpine  area.  The  eruptive  rocks  of  this  age 
are  chiefly  composed  of  augite-porphyry  (e.g,  in  the  Seisser  Alp), 
nielapliyre  (cutting  through  not  only  the  strata  of  the  Lower  Trius, 
but  even  sometimes  the  augite  porphyries  themselves;    e.g,  about 
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Predazzo),  monzonite,  tourmaline-granite,  and  porphyrite.  These 
are  found,  as  well  as  the  'quartz-porphyries'  of  the  Dyas  period 
(cf.  8upra)  very  commonly  associated  with  interbedded  tuffs  and 
with  contact  breccias.  As  a  natural  consequence,  the  calcareous  and 
dolomitic  strata  are  often  altered  into  a  coarsely  crystalline  marble, 
while  crystals  of  garnet,  vesuvian,  and  spinel  are  developed  in 
places  by  contact-metamorphosis.^ 

Upon  the  whole,  it  would  appear  from  the  most  recent  observa- 
tions that  even  in  the  Alps  the  distinction  between  the  Post-Carbon- 
iferous (Dyassic)  and  Triassto  systems  is  not  very  clearly  defined, 
so  far  as  any  actual  boundary -line  is  concerned :  special  importance 
from  this  point  of  view  seems  to  attach  to  the  views  of  Prof.  Giimbel, 
to  which  reference  has  been  made  above,  as  to  the  tran»ition  character 
of  the  Bellerophon  Limestone  of  the  Puster  Thai  and  the  Sandstone 
series  (with  plant-remains)  near  Bozen.  Anything  like  confident 
assertion  on  this  matter  would  however  be  at  present  premature : 
we  must  await  the  results  of  further  observations,  results  for  which 
doubtless  a  few  years  will  suffice  to  the  many  competent  observers, 
who  wend  their  way  every  summer  from  the  universities  and 
academies  of  Germany  and  Austria  to  the  regions  of  the  High  Alps. 

V. — Supplement  to  a  Chapter  in  the  History  of  Meteorites. 

By  Walter  Flight,  D.Sc,  F.G.S. 
{Continued  from  p.  452.) 

1853. — Tazewell,  Claibome  Co.,  Tennessee.' 

Brezina  points  out  that  in  the  Catalogue  prepared  by  Tschermak ' 
this  iron  is  indicated  as  Of,  showing  fine-ruled  Wiedmanstattian 
figures.  It  differs,  however,  very  much  from  other  irons  of  this  group, 
like  that  from  Lion  River,  Jewell  Hill,  Charlotte  Co.,  etc.,  while 
it  closely  resembles  the  Butler  iron.  While,  however,  in  the  latter 
case  the  chief  walls  of  the  skeleton  inclose  very  large  chambers, 
here  they  are  very  small,  so  that  the  skeleton -character  is  far  less 
marked.  The  characteristic  of  the  two  irons  of  Butler  and  Taze- 
well rests  mainly  on  the  very  unusual  smallness  of  the  octahedral 
lamellae,  whereby  the  beam-iron,  or  its  representative,  almost 
vanishes,  the  irons  consisting  almost  entirely  of  interstitial  and 
band-iron  (and  of  troilite  inclosed  in  both,  and  schreibersito  plates 
in  Tazewell).  Whether  the  almost  infinitely  thin  nucleus  of  the 
lamellse  is  identical  with  the  ordinary  beam-iron  can  only  be  decided 
by  farther  investigation.  The  appearance  of  traces  of  granular 
structure  renders  it  very  probable. 

Found  1858-59. — Staunton,  Augusta  Co.,  Virginia.^ 

In  1871  Mallet  described  three  masses  of  meteoric  iron  which  had 
been  found  near  Staunton ;  another  has  now  been  brought  to  liglit, 

1  Credner:  £1.  der  Geol.  p.  631. 

*  A.  Brezina,  Sitzber.  Ahid.  fFiss.  1880,  Ixixii.  Oct. -Heft. 
'  Miheralog.  Mitth.  for  1872,  165 

*  J.  W.  Mallet     Amer,  Journ,  Scitnce,  1S78,  xy.  337. 
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and  examined.  It  was  found  by  a  negro  in  1858  or  1859,  who 
brought  it  to  Staunton,  and  endeavoured  to  sell  it.  He  failed  to  do  so, 
and  threw  it  away  behind  a  blacksmith's  shop,  where  it  lay  several 
years  until  it  was  used  with  other  loose  material  to  build  a  stone 
fence.  By  reason  of  its  irregular  shape  and  great  weight  it  soon 
fell  out  of  the  fence,  and  was  next  used  by  a  dentist  as  an  anvil,  on 
wliich  to  hammer  metal  plates,  and  for  such  base  purposes  as  the 
cracking  of  nuts;  then  it  was  again  built  into  a  wall  round  the 
curbing  of  a  cistern.  In  1877  it  was  removed  to  Bochester,  N.Y., 
and  a  fragment  of  it  came  into  Mallet's  possession.  It  weighs  152 
pounds,  is  45*7  cm.  in  length,  and  29-2  cm.  in  breadth,  and  in  shape 
somewhat  resembles  that  of  a  shoulder  of  mutton.  A  sketch  of  the 
mass  is  given  in  Mallet's  paper.  The  specific  gravity  of  the  iron  is 
7*688,  and  the  metal,  when  etched,  exhibits  the  WiedmannstiittiaQ 
figures  "  clearly  and  beautifully."  The  composition  of  the  iron  was 
found  to  be : — 

'Xrvu     •••      «..      •••      ...      ...      ...      .•«      ...      ...      »•>      w  '09 

A^ '^ii^vx  •««    ...    •••    •••    ••.    ••■    .••    •••    •■■    ...      f  %M%M*r 

V/OD&lii  ...       ...       ...       a«.       •«.       ...       •••       •'•       •«•-       ••>         U'OUo 

v/UUlKSf  ...       a..        .«.        ••.  •*        ...        ■■•        .••        .••  V  VmL 

J- IQ  •••       ■■.       «.«       ...       .»■       ...       .••       ...       ...       ...  UoCO 

Phosphorus         0*068 

onlptnir      ...     .«.     ...     ...     ...     ...     ...     ••■     ...  vOlo 

vyDiormo      ...     .«•     •••     .••     ...     ...     •••     •*•     ...  bTHCo 

v/ftrooii        ...     ...     .,.     ...             ...     ...     ...     ...  u*14a 

SiUcium  (reckoned  as  silicic  acid)     0*108 


99-963 
Tliere  can  be  no  doubt  that  the  four  specimens  found  in  the  same 
neighbourhood  represent  dilBferent  portions  of  the  same  meteoric  fall. 

1861,  June  28th  (June  16th,  0,8.),  7  a.m. — Orosnaja  (Orosnja),  Banks 

of  the  Terek,  Caucasus,  Eussia.^ 

Sixteen  years  ago  Abich.  who  was  at  the  time  in  Tiflis,  sent  to 
Gustav  Rose,  in  Berlin,  a  short  description  of  a  large  fall  of  meteor- 
ites at  Grosnaja  on  the  morning  of  the  above  day.  The  greater 
number  appear  to  have  fallen  into  the  river  Terek ;  one  fell  in  the 
great  scpiare  in  the  interior  of  the  (?  Staniza)  barrack,  entered  the 
ground  to  the  depth  of  If  feet ;  it  pursued  an  oblique  course  through 
the  air,  and  was  distinctly  warm  when  dug  out.  The  meteorite  had 
the  form  of  a  huge  hailstone,  and  was  covered  with  a  black  crust. 

Abich,  who  had  taken  up  his  residence  in  Vienna,  placed  the  stone 
in  the  hands  of  Professors  Tschermak  and  Ludwig  for  examination, 
and  the  results  of  their  investigations^  together  with  a  detailed 
report  of  the  circumstances  attending  its  descent,  have  been  incorpo- 
rated in  the  paper  by  Professor  Tschermak,  referred  to  in  the  note. 

It  is  stated  in  the  report  drawn  up  by  General- Major  Kundukof, 
military  commandant  of  the  Tschetschensk  district,  that  on  the  night 
of  the  15th-16th  June  (O.S.),  a  barely  dark  one,  there  was  neither 
thunder,  wind,  nor  rain.  On  Friday,  the  16th,  the  morning  was 
dear  and  bright ;  light  rain-clouds,  which  however  brought  no  rain, 

'  Qm  Tschermak,  Jifineroloyiso^e  unci  pttrographisehe  MittKeilungeny  1878,  153. 
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huDg  on  the  western  horizon  over  the  station  Mekenskoi,  the  inhabi- 
tants of  which  were  startled  at  about  seven  o'clock  by  a  deafening 
soandy  which  continued  a  long  space  of  time.  A  non-commissioned 
officer  of  the  Mosdok  regiment,  who  was  walking  from  the  Navursky 
to  the  Mikenskoi  barracks  (?Staniza),  noticed  that  the  sound  ap- 
peared to  come  from  the  west,  where  the  rain-clouds  were,  and 
describes  it  as  resembling  that  produced  when  many  cannon  are 
fired  simultaneously,  followed  by  a  deafening  noise  like  that  caused 
by  battalion-firing.  He  observed  the  fall  of  one  of  the  stones,  which 
descended  at  a  low  angle,  and  it  was  accompanied  by  lateral  bands 
of  a  bluish  colour  (welcher  von  Nebenstreifen  von  blaiilicher  Farbe 
begleitet  war).  It  fell  in  the  court-yard  of  a  house  about  two  paces 
distant  from  a  summer-house,  and  thirty  paces  from  the  bank  of  the 
Terek.  A  soldier's  wife,  standing  on  the  threshold  of  the  house, 
drew  back  in  the  greatest  alarm  as  the  meteorite  struck  the  ground 
two  paces  from  her  with  all  the  violence  of  a  bomb-shell,  scattering 
the  earth  over  the  wall  of  the  house.  A  soldier  soon  probed  the 
hole  with  a  ramrod,  and  found  at  a  depth  of  rather  more  than  a  foot 
fragments  of  the  stone  weighing  in  all  ten  pounds.  Many  heard  a 
second  sound,  as  though  the  meteorite  burst  twice  in  its  descent 
through  the  atmosphere,  and  the  noise  attending  the  fall  was  observed 
by  persons  eight  versts  distant  on  the  other  side  of  the  Terek.  A 
woman  who  was  occupied  in  washing  clothes,  at  a  spot  about  1 050 
feet  distant  from  the  point  where  the  meteorite  struck  the  ground, 
heard  fragments,  which  had  been  detached  by  the  explosion,  fall 
into  the  river  Terek.  The  water  fizzed  just  as  it  would  when 
brought  in  contact  with  a  large  quantity  of  heated  iron. 

The  meteorite  has  a  longish  rounded  form,  and  has  lost  the  greater 
portion  of  its  crust ;  in  fact,  the  crust,  together  with  a  thin  layer  of 
the  inclosed  silicate,  is  very  easily  removed,  and  probably  dropped 
off  at  the  time  of  the  fall.  Its  actual  thickness  is  much  greater 
than  in  the  case  of  the  stones  which  fell  at  Knyahinya,  and  about  as 
thick  as  that  of  the  Pultusk  aerolites. 

Professor  Tschermak  goes  on  to  describe  the  Vandal  treatment 
to  which  the  stone  was  subjected  before  it  reached  his  house  for  in- 
vestigation. A  cast  of  it  had  been  taken  for  the  Academy  of  Sciences 
of  St.  Petersburg,  and  it  had  subsequently  been  sawn  in  two.  It 
appears,  in  the  first  place,  to  have  been  rubbed  down  with  fat,  not 
oil  even,  and,  after  the  mould  was  taken,  to  have  been  soaked  with 
potash  lye  to  remove  the  unctuous  layer ;  the  carbonate  of  potash, 
which  penetrated  the  porous  stone  with  scarcely  any  crust  to  protect 
it,  next  began  to  effloresce,  and  the  new  danger  to  which  it  was 
exposed  had  to  be  compassed  by  drenching  it  with  water.  It  was 
now  ready  to  pass  from  the  clumsy  hands  of  the  modeller  to  experi- 
ence the  yet  more  tender  mercies  of  the  lapidary,  who,  not  to  be  out- 
done by  his  fellow-workman,  it  is  to  be  conjectured,  proceeded  to 
close  all  the  fissures  and  lines  upon  its  surface  with  a  black  varnish. 
Long  treatment  with  alcohol  and  protracted  drying  in  a  steam  bath 
wore  the  next  operations  which  were  made  with  a  view  to  cleanse  it. 

A  system  of  cracks  and  fissures,  arranged  like  the  brancbes  of  a 
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ti-ee,  trayeniM  the  whole  stone,  and  gives  na  the  impfesflion  thai 
they  are  the  result  of  the  blow  whioh  the  meteorite  reoelTed  on  its 
fall.  The  mass  of  tiie  stone  is  brittle,  the  oolonr  blackish  rrey  with 
bright  points.  There  are  many,  incdosed  mineral  parttcles,  some 
almost  invisible,  others  1  cm.  across,  the  greater  part  having  a 
diameter  of  less  than  2  mm.  The  matrix  is  Uaoik  and  <maqae  even 
when  viewed  in  a  microscopic  section,  and  many  of  the  indoaed 
partides  are  opaqne  or  only  tianslocent  in  points.  Most  of  them, 
however,  are  transparent,  and  the  nugority  have  a  ciroalar  or  rounded 
outline.  A  plate  is  appended  to  Tsdhermak's  paper  showing  figures 
of  the  inclosed  minerals.  Five  distinct  ingiediento  could  be  dis- 
tinguished. The  first  is  a  clear  greenish  mineral,  with  incomplete 
cleavage  aloiu^  two  directions  perpendicular  to  each  other,  and 
identified  as  olivine.  A  second  in  round  tough  spherules,  brownish 
in  hue  and  not  numerous,  with  a  finely  fouated  or  finely  fibrous 
structure,  was  found  to  be  bronzite.  Inclosed  partides  are  some- 
times made  up  of  these  two  minerals,  sometimes,  but  not  very  fre- 
quently, of  them  together  with  a  third  siUcato  in  long  greenish 
prisms  which  have  the  appearance  and  angles  of  augito.  The  me- 
teorite also  contains  some  magnetic  pyrites  (troilite?),  a  very  little 
nickel-iron  and  perhaps  a  little  carbon,  to  which  the  dark  hue  of  the 
matrix  is  due. 

Tsohermak  directs  attention  to  two  peculiarities  observed  in  several 
chondritio  meteorites,  and  noticeable  in  this  one.  The  first  is  the 
occurrence  of  a  crust  over  the  surface  of  the  bronzite  spherules, 
possessing  fibrous  structure.  This  crust  is  thin,  and  is  distinguished 
from  the  inclosed  material  by  its  paler  colour;  it  has  the  same 
fibrous  structure,  doubly  refractive  power,  and,  in  fact,  is  optically 
orientetod  like  the  inclosed  silicate.  It  appears  to  be  produced  by 
some  agent  acting  from  without,  perhaps  heat  in  conjunction  with 
a  reducing  gas.  The  agent  has  not  caused  fusion,  but  a  slight 
modification  of  the  texture  of  the  surface.  The  sedond  point  which 
he  has  observed  is  the  distribution  in  zones  of  the  magnetic  pyrites 
in  many  of  the  granular  inclosed  masses.  When  a  microscopic 
section  is  examined  by  reflected  light,  it  is  found  that  many  are 
apparently  surrounded  by  a  crust  of  the  metellic  sulphide,  in  others 
it  occupies  the  centre  of  the  mass,  in  all  cases  apparently  filling  up 
interstices.  It  seems  as  if  the  sulphide  had  impregnated  the  rocky 
mass,  and  the  absence  of  all  magnetic  pyrites  in  the  very  compact 
inclosed  particles,  and  the  tough  Gbrous  bronzite  chondra,  confirms 
this  view.  This  impregnation  Tschermak  believes  took  plaoe  after 
the  inclosed  mineral  particles  atteined  their  present  form,  and  the 
only  explanation  which  can  be  suggested  is  that  this  must  have 
happened  while  the  whole  tufaceous  mass  was  strongly  heated. 
According  to  this  theory,  the  inclosed  grannies  coming  in  contact 
with  fused  magnetic  pyrites  must  have  drawn  it  into  the  fine  fissures 
and  interstices,  in  some  instences  into  the  cavities  of  the  granules 
themselves. 

Thi8  argues  the  existence  of  two  definite  stages  in  the  formation 
of  these  and.  similar  choudritlo  %tcvk^t>it^«.    First,  the  production  of 
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the  olivinous  tuff  by  the  splitting  and  attrition  of  the  rock  when  the 
tougher  particles  are  rolled  and  rubbed  together  till  they  have  a 
roundish  or  spherular  form  ;  and  secondly,  a  subsequent  application 
of  heat  to  the  tuff»  accompanied  not  unfrequently  by  the  reducing 
action  of  gases  and  vapours. 

The  Grosnaja  meteorite  appears  to  consist  of — 


Silicic  acid 

•  •• 

•  •• 

•  •• 

33-78 

Alumina 

■  •• 

%  t  m 

•   •  • 

3-44 

Iron  protoxide 

■  •  • 

28-86 

Lime     ... 

•  •• 

•  •• 

3-22 

Magnesia 

•  •  • 

•  •• 

23-65 

Potash  ... 

•  •  • 

0-30 

Soda      ... 

•  ■  • 

•  •• 

0-63 

Carbon  ... 

•  •• 

•  ■  • 

0-68 

Hydrogen 

•  •• 

•  •  • 

0-17 

Magnetic  pyrites 

•  •  • 

•  •  • 

f 

6-37 

100-00 

Olivine  appears  to  be  the  prevailing  silicate  in  the  meteorite ;  in 
addition  to  brouzite  there  appears  to  be  a  little  augite  and  felspar, 
although  their  presence  could  not  be  recognized.  We  find,  more- 
over, a  small  amount  of  a  carbonaceous  ingredient,  to  which,  as  well 
as  to  the  magnetic  pyrites,  the  blackish  grey  colour  of  the  matrix  is 
probably  due. 

A  plate  showing  six  sections  of  the  mineral  constituents  of  this 
meteorite  accompanies  Tschermak*s  paper. 

(To  be  continued,) 


VI. — ^Tbaoes  of  a  Gbbat  Post-Glaoial  Flood. 
4.  Evidence  of  the  Anoulab  Dbift. 

By  Henry  H.  Howobth,  F.S.A. 
(Continued  from  the  October  Number,  p,  440.) 

JET  US  see  then  what  "the  Old  Masters"  had  to  say  on  the  subject 
J  before  us.  In  Man  toll's  Geology  of  the  South-East  of  England, 
1833,  page  28,  speaking  of  the  beds  of  slightly  rolled  flints  which 
occur  on  tbe  Downs  in  Sussex  just  underneath  the  turf,  he  says,  "The 
flints  are  more  or  less  broken,  have  suffered  but  little  from  attrition, 
and  are  so  abundant  as  to  form  a  constant  supply  for  repairing  the 
roads  in  the  south-eastern  part  of  Sussex.  Tliis  bed  has  clearly  been 
formed  by  the  destniction  of  the  upper  portion  of  the  chalk  ;  and  it 
is  equally  evident  that  the  cause  which  produced  the  disintegration 
of  the  superior  strata  was  as  transient  as  it  was  effective,  since, 
although  tbe  chalk  in  which  the  flints  were  imbedded  has  been 
entirely  destroyed,  the  latter  have  sustained  but  very  little  injury." 
In  1839  Sir  Henry  De  la  Beche  published  his  masterly  report 
on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset.  In  this 
admirable  work  he  discusses  inter  alia  the  origin  of  the  gravels  and 
other  superficial  detritus  in  which  stream-tin  occurs.  He  argues 
strongly  against  the  marine  or  fluviatile  origin  of  these  gravels. 
Speaking  of  the  valleys  in  which  they  occur,  he  says  that  if,  previous 
to  the  drift  of  the  tin-stone  pebbles,  they  had  been  beneath  the  sea, 
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and  exposed  to  the  action  of  tides  and  currents  transporting  detritus, 
we  should  expect,  in  accordance  with  the  effects  now  produced  by 
such  ageuts,  that  they  would  become  more  or  less  filled  up  by  drifted 
substances ;  and,  if  they  were  valleys  above  the  level  of  the  sea,  as 
they  now  are,  that  the  usual  drift  of  transported  matter  would  have 
partially  covered  their  lower  parts  in  the  manner  we  now  see.  "  If," 
he  adds,  *'  the  stream-tin  occurred  in  frequent  layers,  and  was  irregu- 
larly dispersed  in  the  mass  of  detritus  now  found  in  the  valleys 
containing  it,  it  might  be  supposed  that  rivers,  running  over  grouud 
traversed  by  strings  or  lodes  of  tin,  brought  down  pebbles  of  tin  ore 
when  in  flood,  distributing  them  hei*e  and  there  according  to  circum- 
stances, while  at  other  times  they  merely  carried  forwards  the  ordi- 
nary And  less  ponderous  detritus.  So  far  from  the  tin-stones  being 
thus  dispersed  through  the  mass  of  gravels  and  sands  in  the  valleys 
containing  them,  we  find  the  pebbles  at  the  base  of  the  whole, 
resting  upon  the  subjacent  rock,  commonly  termed  the  shelf,  forcing 
their  way,  particularly  when  the  tin-stone  grains  are  fine,  into  all  the 

chinks  and  creviced  on  its  surface The  stream-tin  is  always, 

moreover,  found  in  greater  abundance  where  we  may  suppose  that 
eddies  would  be  produced  in  a  body  of  water  pouring  down  the 
stanniferous  valleys,  these  having  the  general  forms  they  now  possess. 
It  appears  as  if  any  previous  detrital  contents  of  the  stanniferous 
valleys,  should  such  contents  have  existed,  had  been  fairly  washed 
out  by  a  mass  of  water  rushing  over  the  land,  rolling  and  driving 
various  loose  materials  before  it,  and  allowing  the  tin-stone  from 
its  greater  specific  gravity  to  be  strewed  along  the  bottom,  where 
circuiustances  permitted.  If  we  regard  the  surface  of  Cornwall, 
on  which  a  crust  of  decomposed  or  disintegrated  rock  now  exists, 
one  arising  from  the  action  of  atmospheric  influences,  and  imagine 
a  body  of  water  to  rush  violently  over  ii^  carrying  this  disintegrated  or 
decomposed  surface  before  it  down  the  present  valleys,  stream-tin  would 
be  found  distributed  in  them  much  as  it  has  been  hitherto  discovered. 
....  It  will  be  readily  seen  that  the  tendency  of  the  tin-stones  to 
come  to  rest,  from  diminished  velocity  in  water  capable  of  trans- 
porting all  these  substances,  would  be  far  greater  than  that  of  the 
other  mineral  bodies  usually  occuiTing  as  gravel  with  it,  all  other 
circumstances  being  equal.  When,  therefore,  a  transporting  water 
could  no  longer  carry  tin-stones  onward,  it  would  be  capable  of 
pushing  forward  or  retaining  in  mechanical  suspension  the  other 
gravel  associated  with  it ;  so  that  a  fundamentiU  layer  of  tin-stone 
pelibles  might  be  accumulated  at  the  bottom  of  a  valley,  and  remain 
settled,  while  lighter  bodies  were  driven  or  carried  over  it,  due 
allowance  being  made  for  the  forms  and  volumes  of  the  component 
parts  of  the  whole  transported  detritus,  tin-stone  pebbles  included. 
Though  Mr.  Carne  some  time  since  called  attention  to  the  general 
facts  connected  with  the  stream-tin  of  Cornwall  as  furnishing  strong 
evidence  of  a  sweeping  inundation  having  passed  over  the  laud, 
*  the  eff'ects  produced  by  which  have  never  been  repeated  by  any 
subsequent  flood,'  less  attention  seems  to  have  been  paid  to  this 
evidence,  while  the  distributing  causes  of  various  superficial  gravels 
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of  England  have  been  under  consideration,  than  the  relative  import- 
ance of  the  subject  appears  to  demand. 'The   peculiar 

situation,'  observes  Mr.  Came,  'in  which  nearly  all  the  stream-tin 
of  Cornwall  is  found,  compared  with  the  localities  of  the  most 
productive  tin  veins,  is  highly  illustrative  of  the  direction  in  which 

the  current  of  the  deluge  swept  over  the  surface Now,  on 

looking  at  the  direction  which  the  stream  bears  from  the  mines,  it 
will  appear  most  probable  that  the  course  of  the  current,  which 
swept  the  tin  from  its  original  situation,  must  have  been  from  North 
to  South,  or  rather  from  N.N.E.  to  S.S.E.' — ^Trans.  Geol.  Society  of 

Cornwall,  voL  iv.  p.  110 A  great  mass  of  detritus  seems  to 

have  been  swept  into  the  British  Channel  from  the  northward,  and 
this  we  could  scarcely  suppose  would  happen  without  a  great  body 
of  water  passing  downwards  to  the  southwards,  carrying  before  it, 
when  it  struck  the  opposite  shores  of  the  British  Channel,  a  large 
proportion  of  the  disintegrated  or  decomposed  surfaces  of  rock  which 
existed  in  that  direction,  transporting  them  into  the  chief  inequalities, 
and  carrying  them  down  the  principal  valleys,  according  to  the 
direction  of  the  minor  currents  produced  by  the  inequalities  of  the 
laud  beneath  " — De  la  Beche,  op.  ciL  p.  397,  etc. 

In  1851  Murchison  published  his  famous  essay  on  the  Flint 
Drift  of  the  South-east  of  England.  In  this  paper  he  says,  inter 
alia  :  "  From  Petersfield  to  East  Bourn,  where  the  drift  becomes  for 
the  most  part  an  accumulation  of  clay  or  loam,  I  have  nowhere  seen 
it  exhibit  signs  of  successive  bedding  ;  but  everywhere  proofs  of  its 
having  been  accumulated  suddenly  and  tumultuously,  whether  it  be 
lodged  on  the  Lower  Greensand  or  on  the  Weald  Clay  "  (Jo urn. 
(}eol.  Soc.,  vol.  vii.  p.  355).  Again,  after  discussing  the  mode  of 
distribution  of  the  angular  drift,  occnrringy  as  he  says,  at  such  varioM 
heights  and  so  completely  out  of  the  reach  of  all  rivers  ancient  and 
modem,  he  concludes  that  it  may  best  be  explained  by  a  drift  or 
current  acting  from  west  to  east,  which  merged  the  chalk  flints  with 
the  debris  of  the  harder  beds  of  the  sandstone  over  which  it  passed, 
and  translated  fragments  of  chert  from  the  still  lower  and  well- 
exposed  inferior  member  of  the  same  formation.  "  This  view,"  says 
Murchison,  "  supposes  that  the  movements  which  fractured  the  rocks 
along  the  western  portion  of  the  great  anticlinal  of  the  Weald  were 
accompanied  hy  a  sudden  rush  of  waters**  {id,  p.  357). 

In  explaining  how  it  comes  about  that  in  some  cases  the  drift 
gravel  is  not  found  in  the  valleys,  but  only  in  the  eroded  cavities  on 
the  higher  ground,  he  says  :  "  In  all  these  facts  I  can  only  recognize 
the  results  of  an  agency  of  vast  intensity,  and  clear  proofs  of  a  great 
force  that  drifted  the  flinty  material  in  this  district  from  west  to 

east We  may  therefore,  I   repeat,  suppose  that  a  current 

translated  this  debris  and  swept  generally  along  from  west  to  east, 
gathering  fresh  materials  from  the  harder  parts  of  the  subsoil  over 
which  it  passed,  and  that  it  traversed  prouuscuously  low  hills  and 
dales,  in  this  case,  i.e,  between  West  Grinstead  and  the  gorge  of  the 
Arun,  along  the  chief  line  of  the  existing  drainage,  but  at  great 
heights  above  its  present  level.     Other  facts  favour  the  inference 
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that  a  former  powerful  but  transient  cnrrent  denuded  the  surface  of 
the  bare  rocks  in  many  parts,  and  at  the  same  time  distributed 
broken  materials  along  a  zone  of  limited  width,"  etc.,  etc.  (td.  p.  358). 

Another  fact  cited  by  Murchison  is  the  curious  way  in  which  the 
flint  drift  is  accumulated  in  the  transverse  valleys  by  which  the 
rivers  Arun,  Adur,  Ouse  and  Cuckmere  escape  from  the  Weald 
through  the  Chalk  to  the  sea,  and  exhibits  ancient  mounds  of  drift, 
arranged  irregularly  and  at  different  altitudes  upon  their  banks 
from  20ft.  to  100ft.  above  the  present  rivers.  "  A  glance,"  he  says, 
''  at  any  of  these  materials  at  once  bespeaks  the  tumultuary  nature 
of  their  origin,  for  none  of  them  contain  rounded  or  water-worn 
pebbles." 

At  Peppering,  about  80ft  above  the  Arun,  and  midway  in  the 
gorge  of  the  chalk,  bones  of  an  Elephant  were  found,  as  stated  by 
Dr.  Mantell.  In  the  defile  of  the  Arun  the  promontories  of  North 
Stoke  and  South  Stoke  are  just  in  such  relative  positions  as  we  may 
suppose  would  have  arrested  or  thrown  off  to  the  opposite  sides 
masses  of  detritus  hurled  along  the  valley  ;  and  Peppering,  being  a 
bay  opposite  to  the  round  promontory  of  Arundel  Park,  is  therefore 
a  spot  where  we  might  look  for  a  collocation  of  drift  with  bones. 
The  more  open  and  straighter  chalk-valleys  of  the  Adur,  with  no 
marked  promontories  or  masses,  was  little  likely  to  arrest  much 
drift,  which  has  chiefly  been  translated  to  the  sea-board  "  {id.  p.  360). 

Again,  ''I  believe  that  the  detritus  in  and  around  Pease  Mar^ 
was  chiefly  the  result  of  disturbances  of  the  adjacent  strata,  whilst 
broad  and  torrential  bodies  of  water  were  moved  along  under  the 
escarpment  of  the  North  Downs  and  translated  the  debris  into 
natural  depressions  "  {id.  p.  878).  Again,  speaking  of  the  angular 
chalk  flint  near  Gomshall,  he  says,  *•  As  no  streams  have  ever  de- 
scended over  these  hills  of  sandstone,  since  the  present  configuration 
of  the  land  and  denudation  of  the  country  were  effected,  I  equally 
refer  thera  to  the  same  agency  of  drift  as  that  which  swept  greater 
volumes  of  them  into  the  adjacent  hollows"  {id.  p.  379). 

Again,  "  Fossil  bones  have  been  found  at  and  near  Folkestone, 
at  heights  varying  from  80  to  110  feet,  not  in  different  beds,  but 
always  in  the  same  broken  flint  debris.  They  have  also  been 
detected  in  an  upper  combe  or  recess  in  the  chalk  escarpment  nearly 
two  miles  west  and  by  north  from  Folkestone,  and  at  an  altitude  of 
not  less  than  222  feet  above  the  adjacent  sea.  .  .  .  With  the  fact 
before  us,  that  these  fossil  bones  lie  at  once  upon  the  bare  rock  in 
sitUf  without  any  deposit  between  it  and  the  drift  in  which  they  are 
commingled,  it  seems  impossible  to  explain  their  collocation  (even 
if  we  put  their  position  out  of  the  question)  by  supposing  that  they 
were  tranquilly  buried  under  a  lake,  or  fell  from  the  banks  of  any 
former  stream.  In  those  cases  it  would  indeed  have  been  mii*acnlous, 
if  ruminants  and  carnivores  had  assembled  themselves  at  a  particular 
moment  of  time  to  be  interred,  like  a  '  happy  family,'  in  one  thin 
course  of  detritus,  and  at  the  bottom  only  of  the  sedimentary  matter! 
To  my  mind,  the  circumstances  of  the  same  drift  being  placed  at 
such  different  levels  at  Folkestone,  and  of  its  sloping  up  from  the 
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seaboard  to  the  height  of  222  feet  inland,  are  good  evidences  that 
these  creatures  were  destroyed  by  violent  oscillations  of  the  land, 
and  were  swept  by  currents  of  water  from  their  feeding  grounds  into 
the  hollows  in  which  we  now  find  them,  and  where  the  argillaceous 
materials  which  covered  them  have  favoured  their  conservation. 
Nothing  can  more  strongly  favour  this  view  than  the  manner  in 
which  fragments  of  chalk-flints,  often  angular,  are  wedged  together 
in  the  matrix  of  loam,  and  enter  into  the  cavities  of  some  of  the 
vertebrae  and  broken  bones  of  the  large  quadrupeds"  (Joum.  Geol. 
Soa  vol.  vii.  p.  386). 

Lastly,  after  contrasting  the  angular  flints  we  are  discussing  with 
the  rounded  flints  of  the  Thames  Valley,  and  urging  that  the  round- 
ing of  the  latter  was  an  operation  of  the  early  Tertiary  period, 
Murchison  goes  on  to  say  that  **  from  the  slopes  of  the  South  Downs 
to  the  sea,  where  very  few  rounded  Tertiary  pebbles  have  ever 
existed  in  situ,  we  clearly  see  that  after  the  first  rush  of  waters, 
whether  down  the  talus  of  the  chalk  or  through  lateral  openings, 
the  fractured  flints  must  have  been  left  as  originally  piled  up,  and, 
being  desiccated,  have  never  more  been  subjected  to  the  action  of 
water  and  have  remained  in  their  angular  state"  {id.  p.  389).  These 
extracts  from  Murchison  might  be  greatly  extended ;  for  the  very 
long  and  remarkable  paper  which  is  here  quoted,  and  which  to  my 
mind  is  one  of  the  most  acute  and  profound  ever  written  by  the 
famous  author  of  the  Silurian  System,  is  devoted  to  urging  that  the 
distribution  of  the  surface  deposits  of  South  Britain  requires  for  its 
explanation  such  a  cause  as  we  are  arguing  for.  From  the  weighty 
opinion  of  Murchison  we  may  turn  to  the  equally  weighty  opinion 
of  Mr.  Prestwich. 

Mr.  Prestwich  read  a  paper  before  the  Greological  Society  on  the 
25th  of  June,  1851,  in  which  the  following  remarkable  passage 
occurs:  **In  a  paper  on  the  Brighton  Drift  {i.e.  the  paper  just 
cited),  Sir  Roderick  Murchison  expressed  an  opinion  that  the  accu- 
mulation of  the  Mammalian  chalk  and  flint  rubble  was  sudden  and 
tumtdtuous.  In  this  view  I  quite  agree,  and  also  conclude  that  the 
same  rapid  mode  of  accumulation  is  to  be  attributed  to  the  Sangatte 
Drift.  For  if  the  action  had  been  slow  and  gradual,  the  rolling  to 
which  the  broken  flints  would  have  been  subjected  must  inevitably 
have  more  or  less  blunted  their  edges;  and  further,  any  rounded 
flint  pebbles  from  the  Tertiary  strata  would  only  have  been  more 
rolled  and  rounded.  But,  on  the  contrary,  we  find  in  this  chalk- 
rubble  broken  angular  flints  with  edges  as  sharp  as  a  knife,  and 
with  fractures  as  clean  as  though  they  were  just  broken  with  a 
hammer,  while  the  small,  hard,  round  flint  pebbles  from  the  Tertiary 
strata  are  often  broken  in  two  or  more  pieces,  and  these  pieces 
neither  rolled  nor  worn.  Some  which  are  entire,  and  likewise  many 
of  the  flat  broken  lumps  of  iron-sandstone,  are  also  found,  as  it  were, 
standing  on  end,  their  longer  axes  perpendicular  to  the  lower 
surface  of  the  deposit  Again,  with  regard  to  the  finer  sediment,  if 
the  accumulation  had  been  tranquil,  this  would  have  tended  to  have 
formed  separate  and  distinct  layers;   whereas  we  find  an  almost 
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impalpable  chalk  paste  full  of  small  and  large  angular  and  rolled 
fragments  of  chalk,  and  this  chalk  paste  occasionally  replaced  bj 
sands  apparently  of  Tertiary  origin,  almost  unmixed,  and  as  thoDgh 
lifted  up  and  transported  bodily,  and  without  being  broken  up. 
The  whole  mass  is  roughly  stratified  into  certain  divisions;  but 
in  each  division  the  materials  are  mixed  together  perfectly  independ- 
ently of  their  specific  gravity.  Impalpable  chalk  silt,  which  the 
most  gentle  current,  if  maintained,  would  remove,  is  found  envelop- 
ing masses  of  broken  chalk-flints,  whilst  large  massive  flints,  scarcely 
at  all  worn  or  broken,  and  requiring  for  their  transport  considerable 
power,  are  found  dispersed  indiscriminately  in  the  finest  sediment 
and  in  the  coarse  shingle.  The  flint-rubble  is  also  often  heaped  or 
piled,  as  it  were,  together,  giving  rise  to  a  roughly  contorted 
appearance.  Further,  a  deposition  under  the  ordinary  conditions  of 
accumulation  in  water  would  have  led  to  the  probability  of  traoes 
of  the  contemporaneous  fauna  occurring.  It  seems  to  me  probable, 
that  the  action  which  led  to  the  accumulation  of  this  drift  wm 
Budden,  powerftdy  tumtdtiwtUy  not  of  long  continuance,  and  Bvddenlif 
arrested.  At  the  same  time  I  do  not  believe  that  it  was  of  a 
nature  to  break  and  fracture  the  great  mass  of  angular  flints ;  bat 
these  having  been  in  great  part  broken  and  shattered  by  previous 
disturbances,  while  in  the  body  of  the  chalk,  that  they  were  re- 
moved, not  80  mucht  hy  rolling  at  the  bottom  of  the  waier,  as  by 
transportation  in  mass  with  the  waters.  Such  a  force,  while  it 
would  uproot  and  tear  away  large  portions  of  the  chalk  and 
tertiaries,  mij^bt,  if  the  distance  wore  not  great,  transport,  oom- 
pariitively  unbroken,  masses  of  the  softer  strata,  and  even  the  more 
delicate  shells  which  they  contain.  The  condition  of  the  mass 
would  depend,  therefore,  entirely  upon  the  distance  which  it  had 
travelled,  and  the  nature  of  the  ground  over  which  the  waters  passed. 
If  we  suppose  a  large  body  of  water  to  be  moving  with  a  velocity 
sufficient  to  transport  large  blocks,  then  necessarily,  the  smaller 
debris  and  the  mud  and  silt  would  be  carried  along  with  them  ;  but 
when  the  velocity  is  only  sufficient  to  move  the  finer  debris,  then  tbe 
larger  blocks  and  coarser  materials  must  be  left  behind.  In  tbe 
former  case  the  heavier  portions  would  subside  first,  and  the  lighter 
ones  bo  avrried  to  a  distance  and  become  gradually  more  worn.  But 
let  this  current  be  arrested  in  the  early  part  of  its  course,  and  then 
we  shall  have  a  deposit  of  mingled  debris,  the  less  sorted  the  nearer 
we  approach  to  its  point  of  origin,  and  if  this  should  be  effected  after 
a  short  transport,  and  without  meeting  with  any  material  imi>edi- 
nients,  then  masses  of  clay  and  sand  with  their  imbedded  oi^uio 
remains,  liowever  delicate,  as  well  as  the  bones  of  animals  occurring 
on  tbe  surface  of  the  ground,  may,  I  apprehend,  be  transported  a^n- 
pa  rati  vol  y  uninjured  and  unbroken.  Should,  however,  any  impedi- 
ments occur  to  obstruct  their  progress,  or  any  conflicting  currents 
disturb  the  uniform  and  regular  sweep  of  the  moving  mass,  then  the 
clash  of  the  debris  will  more  or  less  break  and  wear  both  the  orgauic 
remains  and  the  rock  detritus  in  proportion  to  their  hardness  and 
power  of  resistance ;  the  more  friable  and  delicate  specimens  being 


destroyed  first,  and  onl}'  the  harder  bones  and  rock  debris  holding 
out  to  the  last     The  whole  mass  would  beoonie  more  intermingled. 
In  the  case  of  the  Sangatte  Drift  the  materials  do  not  appear  to 
have  travelled  far,  the  lower  portion  of  it  seems  to  consist  of  pure 
ohalk-rubble  derived  from  the  adjacent  lower  chalk,  and  the  upper 
parts  being  full  of  flints  which  probably  came  from  a  more  distant 
point  of  tbe  same  range  of  hills.     The  whole  mass  seems  to  have 
been  checked  and  thrown  down  after  but  very  little  wear,  and  in  a 
manner  comparatively  independent  of  the  specific  gravity  of  its 
component  parts :   whereas  if  the  action  which  accumulated  these 
materials  had  been  slow,  gpradual,  and  long-continued,  they  would 
most  likely  have  been  sorted  according  to  their  specific  gpravities; 
and  more  particularly  as  all  the  fragments  in  any  given  layer  would 
have  been  subjected   to  a  force  acting  comparatively  with  equal 
power,  and  in  an  equal  manner  they  would  necessarily  exhibit  a 
nearly  like  amount  of  wear;    varying  in  the  different  specimens 
according  to  their  hardness,  but  the  measure  would  be  alike  for  all. 
In  thisy  and  the  analogous  case  at  Brighton,  an  impalpable  chalk-silt 
would,  I  apprehend,  be  incompatible  with  coarse  siliceous  sands- 
worn  pebbles  with  coarse  angular  flints — and  entire  and   perfect 
bones  vrith  others,  some  of  which  are  broken  and  others  rolled  and 
worn." 

These  are  the  views  of  the  Nestor  of  Post-glacial  (Jeology,  Mr. 
Prestwich,  as  announced  in  1851,  and  they  are  the  views  he  main- 
tains stilL  Before  quoting  a  later  opinion  of  his  I  would  intercalate 
a  passage  from  a  published  paper  read  in  1860  by  the  Rev.  0.  Fisher. 
In  describing  the  denudation  of  certain  parts  of  South  Britain  he  has 
tome  remarks  very  germane  to  our  subject  He  referred  to  the 
existence  of  evidence  of  torrential  action  of  water  in  several  Chalk 
districts,  for  instance,  *'the  perfect  drainage  system  of  the  dry  valleys 
of  Salisbury  Plain  and  other  extensive  tracts  of  chalk  downs,  the 
loose  flints  filling  the  bottoms  of  such  valleys,  and  the 'immense 
blocks  of  tertiary  pudding-stone  and  *  Druid  Sandstone  '  scattered 
along  the  bottoms  of  chalk  valleys,  as  in  the  Portisham  and  Bride- 
head  valleys  near  Weymouth,  and  the  Marlbrough  'Wethers'  in 
Wiltshire.  Mr.  Fisher  also  thinks  that  he  sees  evidence  of  the 
friction  of  a  great  body  of  water  rushing  down  a  hill-side  in  the 
manner  in  which  vertical  or  nearly  vertical  strata  are  usually  bent 
over  at  their  exposed  edges." 

To  revert  to  Mr.  Prestwich.  In  a  paper  on  the  "  Phenomena  of 
the  Quaternary  Period  in  the  Isle  of  Portland  and  about  Weymouth," 
read  before  the  G^logical  Society,  on  June  the  10th,  1874,  after  an 
elaborate  examination  of  these  surface  deposits  he  says,  '^  It  is  evident 
that  we  have  in  this  deposit  a  surface  wash  coro|X)sed  of  the  loose 
dehrtB  of  the  rocks  of  tbe  vicinity,  of  the  shells  and  slugs  of  a  land 
surface,  and  of  the  remains  of  animals  which  might  have  frequented 
the  same.  It  seems  to  me  that  the  results  may  be  ascribed  to  one  of 
three  causes,  either,  first,  a  mass  of  ioe  passing  over  the  surface  of  the 
land  may  have  pushed  forward  the  debris  and  thrown  it  seaward  down 
valleys  and  over  cliffs,  turning  over  their  edges ;  or,  secondly,  the 
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accumulations  of  winter  snow  may,  on  sloping  surfaces,  have  tended 
in  a  lesser  degree  to  the  same  result ;  or,  thirdly,  the  transient  passnge 
of  a  body  of  water  may  have  swept  the  land  debris  down  to  the  shore- 
line and  to  a  certain  distance  beyond.  With  regard  to  the  action  of 
ice,  I  feel  about  it  the  difficulty  before  expressed  on  the  score  of  the 
presence  of  oi'ganic  remains,  and  also  although  a  local  mass  of  ice 
might  have  radiated  from  the  higher  central  ground  southward 
towards  the  Bill,  and  in  a  north-westerly  direction  at  the  other  end 
of  the  island,  the  size  of  Portland  and  it«  height  are  too  limited  for 
local  glaciers ;  while  if  it  formed  part  of  a  continental  ice-sheet,  it 
would  have  a  more  definite  and  uniform  direction,  and  we  should 
expect  to  find  on  the  adjacent  mainland  traces  of  that  ice-sheet, 
which  we  do  not  The  limited  size  of  the  island  forms  also  a 
similar  but  not  so  strong  objection  to  the  oi>eration  of  accumulated 
snow.  'I  find  in  the  third  alternative  an  explanation  which  agreei 
with  the  ohnerred  conditions.  Sir  R.  I.  Murchison,  with  respect  to  the 
Brighton  cliff,  and  myself  with  respect  to  the  Sangatte  cliff,  had,  so 
far  back  as  1851,  arrived  independently  at  somewhat  similar  con- 
clusions regarding  the  coTiditions  under  which  they  were  formed, 
save  only  that  his  generalizations  were  more  extreme,  attributing  to 
one  operation  what  I  should  attribute  to  several.  He  supposed  that 
the  angular  debris  resulting  from  jin  extended  cata8tropbe  caused  by 
great  waves  produced  by  great  oscillation  and  violent  fractures  of 
the  crust  of  the  earth,  *by  which  the  earth's  surface  has  been  so 
powerfully  affected  in  former  times,*  passing  over  the  land,  and  by 
*  the  largo  area  under  consideration  being  suddenly  broken  up  and 
submerged.*  I  then  limited  my  conclusions  to  the  fact  that  the 
accumulation  of  the  Sangatte  drift  was  tumultuous  and  of  short 
duration,  and  that  it  was  formed  under  water.*' 

A  third  very  opportime  paper  for  my  pur|)ose,  also  by  Mr. 
Prestwich,  was  pul)lished  by  him  in  the  May  number  of  the 
Geological  Journal,  p.  127,  etc.,  '*0n  a  Peculiar  Bed  of  Angular 
Drift  in  the  Lower-Chalk  High  Plain  between  Upton  and  Chilt4)n." 
In  this  paper  he  describes  a  considerable  deposit  of  angular  drift 
containing  Mammalian  remains  and  land-shells  and  angular  pieces 
of  chalk.  **  The  bones,*'  he  says,  "  were  mostly  in  a  broken  and 
fragmentary  state,  but  though  broken  they  are  not  rolled  or  water- 
worn.*'  .  .  .  "All  the  fragments  of  flint,  even  the  smallest  (and  they 
are  few  more  than  two  or  three  inches  in  length),  are  jierfectly  sharp 
and  angular,  and  are  generally  not  discoloured."  Mr.  Prestwicli 
says  of  the  deposit :  "  'lliere  is  no  trace  in  any  part  of  this  section 
of  stream  or  river  action,  ....  the  shells  consist  essentially  of  land 
shells ;  the  two  exceptions  are  so  rare  that  they  only  prove  the 
rule ;  for  Planorhis  albas,  which  lives  on  water  planta  and  frequents 
marshes,  can  pass  over  land  surfaces,  while  the  Limncsa  truncatula  is 
nearly  amphibious,  being  more  frequently  met  with  out  of  the  water 
than  in  it ;    it  is  also  found  in  very  elevated  spots." 

The  peculiar  features  of  this  drift  are  enumerated  by  Mr.  Prestwich, 
as  the  absence  of  worn  debris  indicating  prolonged  water  action,  and 
of  either  marine  or  fluviatile  remains;   the  presence,  it  may  be  said, 
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exclnsively  of  the. remains  of  a  land  fauna;  its  high  position  of 
150  to  260  feet  above  the  adjacent  river  level;  the  insularity  of 
its  bedding ;  and  its  wide  spread,  westward,  towards  Hendred  over 
the  adjacent  plain.  He  identifies  it  with  the  angular  drift  of 
Sangatte  and  Brighton,  with  which  it  agrees  in  containing  similar 
Mammalian  remains,  having  the  same  irregular  bedding,  the  same 
absence  of  wear  in  the  component  materials,  and  at  Sangatte  the 
same  land  shells.  The  only  difference  being  that  the  drift  at 
Sangatte  and  Brighton  was  more  flinty  and  coarser,  which  is 
accounted  for  by  the  adjacent  flint  at  Chilton  being  the  Lower  Chalk, 
and  that  at  Brighton  the  Chalk  with  flints,  lliis  deposit  of  inland 
drift  which,  as  Mr.  Prestwich  says,  follows  do  river  course,  and  is 
neither  a  marine  drift  nor  a  glacial  drift  from  the  northward,  shows 
very  clearly  that  the  so-called  Channel  river  which  even  the  most 
exuberant  imagination  would  hardly  carry  as  far  as  Chilton  is,  apart 
from  all  the  other  considerations  we  have  urged,  utterly  inadmissible 
as  a  postulate  to  explain  the  angular  drift,  whose  distribution  there 
can  be  little  doubt,  as  Mr.  Prestwich  has  so  well  urged,  is  due  to  a 
translating  mass  of  waters  which  has  filled  the  hollows  and  pockets 
in  the  surface  of  the  chalk  with  it,  and  also  distributed  the  Sarsen 
stones  which  occur  at  Chilton  as  they  do  further  north. 

The  opinions  here  quoted  are  assuredly  most  weighty,  and  they 
more  than  justify  the  conclusion  which  I  have  arrived  at  inde- 
pendently, and  which  was  formulated  by  Professor  Sedgwick,  an 
"  Old  Master  "  whom  I  have  not  previously  quoted  in  these  papers, 
where  he  says  that  "diluvial  torrents  have  swept  over  the  land, 
driving  before  them  immense  masses  of  gravel,*'  adding,  '*  that  all 
the  diluvial  detritus  originated  in  the  same  system  of  causes,  which 
having  produced  their  effects,  were  never  repeated"  (Ann.  of  Phil, 
vol  ix.  p.  248). 

Well  may  Mr.  Belt  remark  that  of  late  years,  "  the  evidence  that 
abounds  of  violent  and  tumultuous  deposition  has  been  almost 
ignored  under  the  influence  of  the  teachers  of  the  theory  of  sub- 
aerial  denudation."  ..."  In  Cornwall  and  in  Devon,"  he  adds,  "  as 
well  as  in  Sussex  and  Surrey,  independent  observers,  including  the 
most  illustrious  of  our  geologists,  have  published  their  convictions  that 
great  currents  of  water  poured  across  the  country.  I  do  not  know  what 
other  geological  conclusion  has  more  evidence  to  support  it "  (Journ. 
Geol.  Soc.  vol.'xxxii.  p.  87). 

This  is  the  view  I  maintain  most  strenuously.  I  ventured  to  say 
in  a  previous  paper  that  the  geological  evidence  amply  supports  the 
position  required  by  the  archsBological  and  palaaontological  evidence 
that  the  period  of  the  Mammoth  came  to  an  end  by  a  catastrophe  in 
which  a  vast  movement  of  water  overwhelmed  a  large  part  of  the 
^Northern  Hemisphere.  In  order  to  examine  the  problem  methodi- 
cally, I  have  first  considered  those  areas  which  are  outside  the 
limits  of  ordinary  glacial  phenomena,  and  have  consequently  limited 
myself  entii'ely  to  that  southern  zone  of  European  deposits  marked 
by  loams  and  gravels,  but  free  from  boulders  and  glacial  clays,  a  dis- 
trict generally  considered  to  be  bounded  in  England  by  the  Thames 
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valley  and  a  line  joining  its  upper  part  with  the  outfall  of  the  Avon 
into  the  Severn.  It  is  assuredly,  however,  a  priori  almost  necessary 
that  if  such  a  flood  of  waters  once  passed  over  this  more  southern 
zone,  that  it  must  have  left  abundant  traces  far  beyond  these  limits, 
and  that  we  ought  to  find  such  traces  much  further  north  and  among 
those  beds  which  have  been  hitherto  left  entirely  in  the  hands  of  the 
Olacialists.  I  believe  that  such  traces  do  in  fact  exist  on  a  very 
notable  scale,  and  that  it  is  because  the  postulate  of  a  Post-Glacial 
catastrophe  has  been  overlooked  by  those  who  have  examined  them, 
that  much  which  is  obscure,  difficult,  and  contradictory  about  these 
beds  refuses  to  yield  to  explanation.  I  will  now  turn  to  them,  and 
the  next  paper  will  deal  with  the  Evidence  of  the  Marine  Drifi^ 

{To  he  continued,) 
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I. — Pbogbedings  of  the  Cottsswold  Natubalists'  Fielp  Club, 
for  1881-1882. 

THIS  part  of  the  Proceedings  of  the  Cotteswold  Club  commences 
their  eighth  volume,  and  includes  accounts  of  the  thirty-sixth 
and  thirty-seventh  annual  meetings.  At  these  meetings,  held  (in 
1881  and  1882)  at  Gloucester,  addresses  were  delivered  by  the  Presi- 
dent, Sir  William  V.  Guise,  Bart,  F.L.S.,  F.G.S.,  etc.  The  losses 
sustained  by  the  Club,  by  the  death  of  John  Jones  (of  Gloucester), 
Charles  Moore  (of  Bath),  and  Dr.  John  Lycett  (formerly  of  Mincbin- 
hampton),  were  duly  mentioned,  and  accounts  were  given  of  the 
various  excursions  to  places  of  interest,  when  the  geology,  natural 
history,  and  archaeology  were  duly  investigated.  Geology  seems  to 
have  monopolized  the  attention  of  the  members  at  their  evening 
meetings,  for  the  separate  papers  printed  in  this  part  of  the  Pro- 
ceedings are  entirely  devoted  to  that  science.  Mr.  Handel  Cossbam 
discourses  on  tbe  Cannington  Park  Limestone,  from  which  he  bas 
obtained  fossils  that  confirm  its  Carboniferous  age.  Mr.  E.  Wethered 
gives  an  necoimt  of  tbe  strata  exposed  in  a  railway  cutting  at  oVloi'se, 
near  Dry  brook,  in  whicb  he  identifies  an  outlier  of  Trias,  yielding 
quartzite  pebbles  like  those  of  Budleigh  Salterton.  Mr.  W.  C.  Lucy 
contributes  a  list  of  the  minerals  of  Gloucestershire,  and  of  part  of 
tbe  adjacent  counties  of  Somerset  and  Worcestei*sbire ;  and  also  a 
list  of  derived  rocks  found  in  tbe  northern  drift  gravel  over  the 
same  area.  Mr.  E.  Witcbell  describes  the  Pisolite  and  the  basement 
beds  of  tbe  Inferior  Oolite  of  the  Cotteswolds.  He  gives  an  interest- 
ing account  of  tbe  **  Pea  Grit "  or  Pisolite,  and  shows  by  sections 
some  of  tbe  changes  that  took  place  in  tbe  deposits  of  the  Oolitic  sea. 
Dr.  Wright  describes  a  new  species  of  Star-fish  ( Uraster  spinigera) 
from  tbe  Forest  Marble,  near  Road,  Wiltshire;  a  new  species  of 
Brittle  Star  (OphiureUa  nereida)  from  the  Coral  Rag  of  Weymouth, 
and  a  new  Astacamorphous  Crustacean  (Eryma  Guiaei)  from  the 
Inferior  Oolite  of  Leckhampton  Hill.  H.  B.  W. 

'  In  the  October  number  oi  the  MkOKzi^E^p.  439,  L 12,  paUnt  ought  to  he  potent 


W.  Keeping — Oeology  of  Cardigan  Town.  619 

n. — Ok  thb  CABBomvERouB  LiMBSTOinB  OF  THK  Westkbn  Sahara. 
By  Dr.  O.  Staohs.  Prooeedings  of  the  Imper.  Acad.,  Menua, 
Jane  22, 1882. 

IN  luB  journey  irom  Morocco  to  Timbactoo,  Dr.  0.  Lenz  collected 
many  fossils  characteristic  of  the  Carboniferous  Limestones. 
Four  groups  are  distinguishable,  namely — 1.  Productus-limestone  of 
Fum-d-Eossan  in  the  northern  region  of  the  West  Sahara,  and  the 
calcareous  zone  of  Wady-Draa.  2.  The  Spirifers  in  the  sandstones 
of  the  middle  r^on.  3.  Corals  and  Crinoids  at  several  localities 
along  the  Western  Siony  Desert.  4.  Fossils  in  the  marls  and  lime- 
stones with  Crinoids  at  Igidi  in  the  south  part  of  the  Carboniferous- 
limestone  region. 

These  groups  represent  portions  of  a  great  Carboniferous-lime- 
stone fauna ;  and  the  lower  unproductive  subdivision  of  the  Carbon- 
iferous system  is  by  far  the  most  extensive  series  of  strata  in  the 
wide  north  region  of  depression  in  the  Western  Sahara.  The  Pro- 
ductns-limestone  of  the  northern  zone,  and  the  Crinoidal  marls  with 
ProductuB  of  the  southern  zone,  belong  to  a  series  corresponding 
with  Gosselet's  "  Etage  du  Calcaire  de  Toumay,"  or  the  lower  sub- 
division of  the  Carboniferous  Limestone  of  Belgium.  The  Lower 
Carboniferous  strata  in  the  middle  and  eastern  portion  of  the  great 
area  of  depression  in  the  North  Sahara  may  possibly  be  of  more 
importance  than  hitherto  supposed. 

It  is  probable  that  during  the  early  part  of  the  Carboniferous 
Period  the  sea  limited  the  Mid-African  Continent  along  an  extensive 
East  and  West  coast-line ;  and  that  during  the  same  period  there 
was  an  open  communication  between  the  North-African  sea  and 
that  which  was  inhabited  by  the  faunae  of  the  Belgian  and  South 
Alpine  Carboniferous  Limestones,  both  abounding  in  Productus, 

Count  M. 


British  Association,  Southampton,  August,  1882. 

L — The  Geology  of  Cardigan  Town.  By  Walter  Keeping, 
M.A,  F.G.S.,  Keeper  of  the  York  Museum.     (Read  before  Section  C.) 

A  FEW  years  ago,  in  the  course  of  a  geological  investigation  in 
South  Wales  searching  for  the  base-line  of  the  Llandovery 
group  of  rocks,  I  came  to  the  town  of  Cardigan. 

Now,  seeing  upon  the  Geological  Survey  Map  the  tract  of  country 
between  Cardigan,  Newport,  and  Dinas  Head,  in  Pembrokeshire, 
marked,  like  the  Aberystwyth  Grits,  *b.  4,'  i.e.  Lower  Llandover)',  I 
came  here  in  the  full  expectation  of  finding  the  rooks  of  the  same 
Llandovery  age. 

But  the  first  glance  at  the  cliffs  in  Newport  Bay  showed  that  this 
was  most  unlikely  to  be  the  case ;  for  the  grit  beds  here  are  of  quite 
a  different  type  from  those  of  Aberystwyth,  namely,  pale  blue  and 
grey  felspathic  grits,  much  less  quartzose,  and  very  ash-like   in 
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appearance  ;  and  they  weather  brown  and  red ;  also  the  slates  are  of 
that  deep  black  type,  powdering  soot  black,  and  occasionally  ribboned 
with  paler  bands,  so  characteristic  of  the  older  slate  groups  of  Llan- 
deilo  and  Arenig  age.  Some  of  the  grit  beds  exhibit  curious  tortuous 
structures  upon  their  under  surfaces. 

Working  in  the  diflf  south  of  Pen  Pistill,  Newport  Bay,  I  found 
a  few  species  of  Graptolites,  which  I  hoped  would  have  decided  the 
age  of  these  rocks ;  but  Mr.  Lapworth,  who  has  kindly  examined 
them,  writes  that  they  are  not  sufficiently  well  preserved  for  identi- 
fication, and  might  be  either  Lower  Llandovery,  Llandeilo,  or 
Arenig  species.  I'he  Diplograpsus  may  be  new,  and  "  seems  to  be  a 
very  close  ally  of  D,  modesttta  of  the  Lower  Birkhill  Shales."  The 
other  species  is  a  Climacograpius. 

From  the  lithological  character  alone  I  have  no  doubt  that  these 
beds  are  not  of  Lower  Llandovery  age,  but  belong  to  an  older  group : 
and  this  conclusion  is  borne  out  by  our  examination  of  the  northern 
beds  of  this  grit  area,  at  Cardigan,  whose  stratigraphical  position,  in 
the  Middle  Bala,  we  shall  prove  beyond  a  doubt. 

Here,  around  Cardigan  Harbour,  I  found  precisely  the  same  kind 
of  rocks  as  in  Newport  Bay,  the  grits  still  pale  and  highly  felspathic, 
with  scattered  mica  plates,  often  closely  resembling  an  altered 
volcanic  ash ;  and  the  slates  are  likewise  of  the  same  black  type. 
In  these  slates,  just  beyond  the  little  bridge  over  the  stream  at  the 
S.W.  end  of  Cardigan  town,  I  found  Graptolites  which  have  been 
determined  by  Mr.  Lapworth  as  Dicellograptus  Morrisii^  Hopk.,  and 
DiplograpsuB  socialise  Lapw. 

Now,  Dicellograptus  Morristi  is,  as  Mr.  Lapworth  writes  to  me, 
*^mo8t  emphatically  a  Bala  fossil.  It  is  unknown  in  the  Lower  Bala 
(Llandeilo-Glenkiln)  beds  of  either  Scotland,  Ireland,  or  Scandinavia  ; 
but  it  occurs  abundantly  in  the  D,  Clingani  and  Pleurograptus  linearis 
zones  of  the  Hartfell  shales ;  that  is  to  say,  on,  or  not  far  below,  the 
horizon  of  the  Bala  Limestone."  "  This  also  is  the  horizon  of  D. 
socialis  in  Scotland ;  D.  Morriaii  and  D,  aocialis  occur  associated  iu 
the  Middle  Caradoc  beds  of  Girvan." 

There  can,  therefore,  be  no  doubt  that  these  rocks  are  of  Bala  age, 
and  not  Lower  Llandovery,  and  it  thus  appears  that  the  older  slate 
groups  of  Llandeilo  and  Bala  age  extend  up  northwards  beyond  the 
Priscelly  and  Llanlawer  Mountains,  through  Newport  Bay  as  far  as 
Cardigan  Harbour.  Here,  then,  we  have  a  definite  base-line  whence 
we  can  work  northwards,  along  fine  cliff-sections,  to  the  incoming  of 
the  Aberystwyth  grits,  which  first  appear  seven  miles  off,  near 
Castellbach,  south  of  Llangrannog. 

North  of  Cardigan  the  rocks  are  found  soon  to  become  coarser  and 
paler;  massive  rolling  beds  of  coarse  flaggy  slates,  some  of  them 
arenaceous,  and  pale  splintery  slates,  being  seen  in  a  number  of 
quarries  and  other  small  exposui-es.  Bands  of  **  cone-in-cone  "  nodules 
and  beds  of  rab  and  shale  are  seen  S.E.  of  Aberporth,  so  that  tiie 
series,  in  its  upper  part  especially,  comes  to  resemble  the  Metalliferous 
slates  of  Central  Wales.  The  cliffs  north  of  Abei-porth,  up  to  and 
beyond  Penbryn,  are  made  up  of  the  same  slaty  series ;  namely,  im- 
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perfect  slates,  and  irregular  shaly  slates,  of  rather  dark  bluish  colour, 
only  varied  by  the  occurrenoe,  here  and  there,  of  lines  of  cone-in-cone 
nodules  and  thin  bands  of  grit 

In  all  this  stretch  of  country  I  find  no  hreah  in  the  rock  series. 
It  is  a  great  slate  country,  there  being,  indeed,  no  grit  bed  of 
sufficient  development  to  serve  for  such  local  purposes  as  rough 
building  oi;  road-mending.  All  hard  *  road  metal'  is  obtained  either 
from  the  boulders  of  Felsite,  Greenstone,  Grits,  etc.,  scattered  over  the 
surface,  or  from  some  beds  of  sandstone  higher  up  in  the  series, 
which  we  proceed  to  notice.  The  sandstones  are  well  seen  in 
quarries  on  the  top  of  the  cliff,  some  half-mile  north  of  Penhryn  ;  in 
a  wood  near  Morfa  Ganol;  and,  further  east,  in  a  road  quarry  at 
Llain.  They  form  a  compact  BericB  of  thick  grit  beds,  some  twenty 
feet  in  all,  pale-coloured  and  sharp-jointed.  Some  of  the  beds  show 
a  well-marked  development  of  coarse  tortuous  prominences  upon 
their  under  surfaces;  and  one  bed  near  the  centre  of  the  series  is 
broken  up  into  coarse  rubbish  by  lines  of  concretionary  structure. 

The  rock  is  a  finely  granular  sandstone  crowded  with  fragments 
of  felspar,  and  with  some  small  black  grains  and  crystals ;  colours 
pale  blue  grey  to  greenish  yellow  weathering  to  fox  yellow.  In 
the  cliff  quarry  the  rock  is  darker  and  less  felspathio. 

The  stratigraphical  position  of  this  grit  zone  is  in  the  upper 
part  of  the  imperfect  shaly  slate  series  above  described.  It  lies 
cofformdbly  in  that  series,  and  does  not  appear  to  mark  out  any 
geological  break;  lithologically  the  rock  agrees  very  closely  with 
the  sandstones  of  Cardigan  Harbour.  Above  this  we  again  find, 
in  Dogskin  Bay,  a  dark  imperfect  slate  series  and  dark  leaden 
blue  rab,  in  which  concretions  of  grey  grit  begin  to  appear ;  then 
thin  beds  of  concretionary  grit  gradually  come  in  and  develops  until 
in  Fraethbach  and  at  Llangrannog  we  find  ourselves  upon  the  un- 
doubted Aberystwyth  grit  series,  very  well  developed.  The  grits 
are  of  the  regular  concretionary  mid- Wales  type,  with  contorted 
structure  and  strange  volutions,  and  other  prominences  upon  their 
under  surfaces,  while  all  the  associated  argillaceous  beds  present 
all  the  forms  of  rab,  shale,  and  pencil  rab,  such  as  we  find  at 
A  lit  wen,  Aberystwyth.  Still,  a  conspicuous  difference  of  general 
character  is  produced  by  a  want  of  the  regular  thicknesses  and 
orderly  alternations  of  the  beds  of  grit  and  shale  as  found  further 
North.  For  here,  indeed,  we  have  the  gradual  tailing  off  of  the 
grit  series  as  it  dies  away  to  the  South.  In  this  district  the  section 
at  Fraethbach  must  be  noticed  for  its  wonderful  developments  of 
concretionary  grit  structures,  which  I  hope  to  describe  elsewhere. 
At  Llangrannog  the  Abei^ystwyth  grits  are  very  well  developed. 
They  dip  inland,  to  the  east,  and,  a  little  above  the  church,  are  seen 
passing  conformably  under  a  series  of  imperfect  slates  and  flags, 
with  fucoidal  and  worm  markings  upon  their  surface.  The  easterly 
dip  holds  pretty  steadily  on  towards  Pigeonsford  and  along  the 
hill-sides  south  of  Llangrannog  valley,  where  pale  shaly  slates 
and  hard  slate  rock,  belonging  to  our  Metalliferous  group,  are 
uniformly  developed. 
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Besumi, — (1)  The  pale  felBpathic  grits  and  black  slates  of  New- 
port Bay  and  Oar«ligan  are  of  Middle  Bala,  or  Caradoc  age  (not 
Llandovery,  as  hitherto  supposed).  Above  these  come  (2)  rolling 
beds  of  pale-coloured,  coarse,  flaggy^  slates,  and  pale  blue  splintery 
slates,  doubtless  also  of  Bala  age.  Some  rather  darker  shaly  slates 
(3)  with  rably  shales,  and  "oone  in  cone "  concretions,  next  succeed; 
and  then  we  meet  with  (4),  a  small  compact  set  of  pale  felspathio 
gprits  of  the  same  character  as  those  at  Cardigan.  These  also  I 
regard  as  probably  of  Bala  age  (Upper  Bala  Slate  Series).  The 
overlying  rather  dark  shaly  slates  (5)  with  some  rab.  presenting  the 
gradual  incoming  of  the  Aberystwyth  Grits,  are  I  believe  passage 
beds  of  Caradoc-Llandovery  age. 

The  Orits  of  Llangrannog  are  clearly  the  same  as  those  of  Aberyst- 
wyth (Aberystwyth  Grits),  and  the  overlying  slates  with  worm-like 
markings  are  our  "  Metalliferous  Slates,"  which  belong  to  the  same 
great  rock  group. 

There  is  no  evidence  of  any  stratigraphical  break  in  the  rock 
groups  of  South  Cardiganshire,  from  the  Llandeilo  to  the  Llandovery 
periods  inclusive ;  but  the  whole  series  appears  perfectly  continuous. 
The  Aberystwyth  Grits  are  less  developed  than  further  north,  this 
being  near  the  line  of  their  southerly  disappearance  by  dying  out. 
As  in  North  Wales  (Dovery  Valley),  we  find  here  a  considerable 
series  of  Upper  Bala  Slates  passing  up  into  the  Llandovery  group. 
I  have  proved  elsewhere^  that  our  Cardiganshire  rock  series  occupies 
a  position  conformable  beneath  the  Tarannon  Shale,  and  here  we 
have  the  evidence  that  it  is  superior  to  and  conformable  with  the 
Bala  formations.  No  exact  upper  boundary  line  for  this  group  can 
be  determined,  for  it  passes  up  insensibly  into  the  Tarannon  Shale, 
and  again  in  its  lower  horizons  we  find  its  limits  ill  defined, 
gradually  passing  down  into  a  great  series  of  imperfect  slate  rocks, 
the  main  mass  of  which  belongs  to  the  Upper  Bala  Group.  We  find 
no  great  physical  break,  but  perfect  continuity  amongst  the  Silurian 
and  Cambrian  rocks  of  South  Wales. 


II. — On  the  Origin  of  the  Hematite  Deposits  in  thb  Car- 
boniferous Limestone.*     By  Edward  Wethered,  F.G.S.,  eta 

MUCH  has  been  written  on  the  origin  of  iron  ore  deposits  by 
Doctors  Sten-y  Hunt'  and  Bischof,*  both  of  whom  insist  on  the 
active  part  which  decaying  vegetation  has  taken  in  the  process. 
According  to  the  former  authority,*  "  we  find  in  rock  formations  of 
very  diflferent  ages,  beds  of  sediment  which  have  been  deprived  of 
iron  by  organic  agencies,  and  near  will  generally  be  found  the  ac- 
cumulated iron."  .  .  .  **  I  now  wish,"  he  says,  "  to  insist  upon  the 
property  which  dead  and  decaying  organic  matter  possesses  of  re- 
ducing to  protoxide,  and  rendering  soluble,  the  insoluble  peroxide  of 

1  See  Quart.  Joum.  Geol.  Soc  1881,  p.  141. 
«  Head  before  Section  C.  August,  1882. 
'  Chemical  and  Geological  Essays. 
*  Chemical  and  Thysical  Geology, 
t  .  '  Chemical  and  Geological  Essays,  p.  228. 
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iron  diffused  through  the  rooks."  The  chemical  reaotiona  wliich 
take  plaoe  are  briefly  these.  Iron  in  the  state  of  ferrio  oxide  coroea 
in  oontaot  with  deoomposing  v^etatioti  and  yields  up  osygen  to 
the  carbon,  a  molecule  of  carbonio  acid  being  formed  by  tlm  com- 
binatiOD  of  one  atom  of  oarbon  with  two  of  oxygen.  The  iron  is 
then  rednoed  to  the  ferrous  state  in  which  it  is  soluble  in  water  con- 
taining oarbonio  acid.  Another  obemioal  change  then  takes  place, 
by  which  the  iron  unites  with  carbonic  acid  and  a  carbonate  results. 
When  oxidation  is  possible  the  carlwuate  of  iron  beconiee  oxidized, 
and  a  deposit  of  peroxide  of  iron  takee  plaoe.  A  practical 
instance  of  what  I  have  just  deacribed  was  seen  when  down  the 
£aaton  Colliery,  near  Bristol,  a  few  months  since.  Water  was 
iaaning  from  some  old  workings,  and  on  entering  a  road  of  the  mine 
where  fresh  air  was  travelling,  a  ferruginous  deposit  took  place. 
Again,  I  onoe  had  oooasion  to  descend  an  old  shaft  of  a  coal-mine 
irhich  bad  not  been  worked  for  many  years ;  near  the  bottom  of 
the  shaft,  water  was  beuing  from  the  old  workings,  and  there  was 
a  deposit  of  peroxide  of  iron  about  half  an  inch  deep.  On  pene- 
trating further  into  the  workings  wbero  the  atmosphere  had  been, 
until  recently,  strongly  dilated  with  carbonic  acid,  there  was  an 
entire  absence  of  such  a  deposit. 

Mr.  Etheridge  has  extensively  referred  to  the  hsematite  deposits  in 
the  Carboniferous  rocks  of  the  West  of  England,*  and  mentions  the 
oocurrenceof  ore  "nearly  everywhere"  where  the  Magnesian  Con- 
glomerate rests  upon  the  Carboniferous  Limestone,  and  a  section  is 
given  which  admirably  shows  the  hollows  or  "  pockets  "  in  which  it 
is  found.  The  deposits,  however,  which  oociir  in  the  limestone  are 
differently  situated  compared  with  those  which  rest  upon  the  top,  to 
which  the  term  "  pocket "  is  appropriately  applied.  The  following  is 
a  s«ctiou  of  a  portion  of  the  Cartb  Mine  near  Cardiff,  whioh  shows 
the  position  in  which  the  hrematite  occurs. 


Section  showing  mode  of  OccurreDce  of  HEcnmdte  in  the  CHiboniieroua  LbnesloDe. 


Wbile  visiting  this  mine,  I  was  much  struok  with  the  resem- 
blance of  worked-out  so-called  "pockets"  to  natural  caverns.     Of 
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course  any  excavation  in  the  rock  becomes  a  cavern,  but  the  pockets 
are  natural  caverns ;  all  the  miner  does  is  to  work  out  the  ore.  I  also 
took  occasion  to  ascertain  what  were  the  signs  which  indicated  the 
approach  to  ore,  and  I  was  informed  that  they  were  as  follows : — 

1.  Joints  appear  in  the  limestone  through  which  water  percolates. 

2.  An  ordinary  cavern  appears,  termed  by  the  Welsh  miners  a 
''  Locus,"  the  sides  of  which  are  often  covered  by  crystalline  and 
crystallized  carbonate  of  lime. 

3.  Traces  of  ore  appear  in  the  "  Locus." 

The  fact  that  the  first  indications  of  ore  are  cracks  in  the  rock 
down  which  water  percolates  certainly  points  to  the  inference,  that 
it  was  by  a  like  percolation  that  the  hsBmatite  has  been  brought  into 
its  present  position. 

The  next  point  for  consideration  is :  from  whence  was  the  iron 
derived.  The  highly  fen*uginous  condition  of  the  Carboniferous 
strata  is  well  understood,  and  the  fire-clays^  indicate  that  large 
quantities  of  iron  have  been  reduced  to  the  soluble  state  and 
removed  by  water.  But  as  to  whether  it  is  this  iron  which  has 
been  deposited  in  the  limestone  is  a  matter  for  consideration.  It  is 
questionable  whether  sufficient  time  could  have  elapsed  for  the 
formation  of  the  caves  to  admit  of  the  supposition  that  the  iron  had 
been  derived  from  these  rocks  prior  to  denudation  by  the  Trias  sea. 
We  must,  however,  remember,  that  the  denudation  extended  over  a 
great  lapse  of  time,  during  which  much  of  the  limestone  now  not 
covered  by  the  Coal-measures  or  Millstone-grit  was  overlain  by  these 
formations. 

Mr.  Etlieridge  considers  the  Carboniferous  haBmatite  deposits  in 
tlie  West  of  England  to  have  arisen  from  the  infilling  of  faults, 
fissures,  etc.,  during  the  denudation  by  tlie  Trias  sea.  Referring  to 
the  bcematite  deposits  which  occur  in  the  Pennant  grit,  near  Bristol, 
Mr.  Etheridge  says,*  '*  From  careful  observation  and  examination, 
both  in  tliis  area  and  others  in  the  district,  I  have  no  hesitation  in 
referring  the  origin  of  these  extensive  lode  accumulations  or  deposits 
of  hydrated  peroxide,  or  brown  hsematite  iron  ores,  to  the  age  of 
the  New  Red  Sandstone;  that  is  to  say,  the  fissures,  faults,  etc., 
which  occurred  in  the  older  rocks  (prior  to  the  deposition  of  the 
New  Red)  were  filled  up,  during  the  period  of  the  accumulation  of 
the  Trias  group  of  rocks,  either  through  chemical  changes  or  me- 
chanical suspension  or  infiltration."  Again,  Mr.  Etheridge  says,' 
*'  I  believe,  then,  that  it  was  during  the  progress  of  the  denudation  of 
the  Palaeozoic  rocks  by  the  sea  of  the  Triassic  epoch  that  the  pre- 
existing faults  and  fissures  or  open  joints,  etc.,  along  the  coast-line 

were  mechanically  and  chemically  filled  in Doubtless  the 

percolation  of  water  through  overlying  strata  highly  charged  with 
oxides  of  iron,  as  is  the  case  with  the  New  Red  Series,  has  also  been 
a  source  and  mode  of  accumulation."  Though  I  am  disposed  to 
consider  it  possible  that  some  of  the  iron  was  derived  from  the 

*  Chemical  and  Geological  Essays,  p.  13. 

«  Proc.  Cotteswold  Club,  1865,  p.  37. 

'  Quart.  Joum.  Geol.  Society,  pp.  185  to  187. 
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Coal-measares  and  Millstone-grit,  by  the  percolation  of  water 
tbroogh  the  strata,  yet  I  doubt  not  that  the  main  portion  was  derived 
from  the  Trias.  I  do  not,  however,  agree  with  Mr.  Etheridgo  that 
the  infilling  took  place  "during  the  progress  of  the  denudation  of 
the  Palaeozoic  rock,"  but  that  it  was  occasioned  by  percolation  of 
water  through  the  Triassic  strata  after  consoli<lation.  This  water 
on  arriving  at  the  Carboniferous  Limestone  would  flow  down  the 
fissures  and  joints  wherever  these  occurred ;  but  where  the  strata 
was  not  fissured,  a  comparatively  small  volume  would  filter  throui^c^ 
the  actual  rock^-on  account  of  its  being  but  slightly  porous.  Ac- 
cording to  observations  which  I  have  recently  made  on  the  porosity 
of  rocks,  I  find  that  a  cubic  foot  of  Carboniferous  Limestone  is 
capable  of  absorbing  0*043  of  a  gallon  of  water,  or  3^  million 
gallons  to  a  square  mile  3  feet  thick.  I  take  it,  then,  that  it  is  owing 
to  this  fact  that  we  generally  find  hsdmatite  whore  the  Mtignesiian 
Conglomerate  rests  upon  the  Carboniferous  Limestone.  It  is  much 
the  same  with  the  Millstone-grit  of  the  Bristol  Coal-field.  A  ciihio 
foot  of  this  rock  absorbs  0*081  gallon  of  water,  or  6  million  gallons 
to  a  square  mile  3  feet  thick.  In  South  Wales,  however,  the  same 
formation  becomes  more  porous,  and  is  capable  of  absorbing  0*290 
gallons  to  a  cubic  foot  of  rock,  or  23  million  gallons  to  a  stjuare 
mile  3  feet  thick.  In  the  Forest  of  Dean  the  grit  absorbs  0*854  of 
a  gallon  of  water  to  a  cubic  foot,  equal  to  71  million  gallons  to 
a  square  mile  3  feet  thick.  Now,  it  is  worthy  of  remark,  that  there 
are  no  workable  deposits  of  heematite  in  the  Carboniferous  Ijimo- 
Btone  around  Bristol,  where  the  Millstone-grit  is  very  impervious  to 
"water,  but  they  are  extensive  in  South  Wales  and  in  the  Forest  of 
Dean,  where  it  is  more  pervious  to  water. 

To  sum  up  my  conclusions  on  the  subject  of  this  paper,  I  regard 
the  so-called  pockets  of  hoDmatite  in  the  interior  of  the  Limestone 
as  caverns  into  which  water  has  percolated  charged  with  the  car- 
bonates of  lime  and  iron.  On  the  excess  of  carbonic  acid  being 
^ven  off,  and  on  complete  saturation  taking  place,  carbonate  of  lime 
first  separated  in  the  crystalline  and  crystallized  state ;  and  subse- 
quently, when  oxidation  was  possible,  peroxide  of  iron  was  thrown 
down. 

As  to  the  source  from  which  the  iron  was  derived.  I  think  it 
possible  that  some  portion  may  have  come  from  the  Coal-measures 
and  Millstone-grit  prior  to  denudation  by  the  Triassic  sea,  but  that 
the  greater  portion  was  derived  from  the  Trias  rocks  by  the  percola- 
tion of  water  containing  carbonic  acid.  I  may  just  add  that  I  am 
informed  that  in  the  Carth  Mine  the  deep  ore  is  of  a  superior  quality 
to  that  met  with  higher  up,  and  that  it  resembles  more  the  Spanish 
mineraL 

In  conclusion,  I  beg  to  return  my  thanks  to  Mr.  Monks,  jun.,  of 
the  Easton  Collieries  near  Bristol,  to  Messrs.  Watkins  and  Howell, 
managers  of  the  Carth  Mine,  and  to  Mr.  Henry  Jefferis,  of  Pontyrcb, 
near  Cardiff,  for  permission  to  visit  the  mine. 
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ON  THE  DEPRESSION  OF  ICE-LOADED   LANDS. 

Sir, — ^To  any  one  who  believes  in  a  yielding  condition  of  the 
earth'8  crust,  the  depression  of  a  tract  of  country  upon  its  being 
loaded  with  any  adventitious  accumulation  of  matter  appears  an 
inevitable  consequence.  But  I  prefer  to  argue  that  the  depression, 
which  seems  invariably  to  occur  under  such  circumstances,  shows 
that  the  crust,  irregular  though  its  surface  be,  nevertheless  has  a 
form  appropriate  to  its  equilibiium,  and  that  there  must  be  a  plastic, 
if  not  a  liquid,  substratum  to  allow  of  the  observed  changes  of  level, 
when  the  load  is  freshly  distributed. 

So  obvious  is  the  connexion  of  these  conditions,  that  it  must  occur 
to  every  one  who  has  had  his  attention  drawn  that  way,  that  any 
region  when  loaded  with  ice  must  sink.  But  since  the  question  of 
priority  in  making  this  suggestion  has  been  raised  by  Mr.  Gardner, 
I  would  point  out  that,  as  long  ago  as  in  1865,  Mr.  Jamieson  wrote 
as  follows :  "  It  has  occurred  to  me  that  the  enormous  weight  of  ice 
thrown  upon  the  land  may  have  had  something  to  do  with  this 
depression.  Agassiz  considers  the  ice  to  have  been  a  mile  thick  in 
some  parts  of  America ;  and  everything  points  to  a  great  thickness 
in  Scandinavia  and  North  Britain.  We  don't  know  what  is  the 
state  of  the  matter  on  which  the  solid  crust  of  the  earth  reposes. 
If  it  is  in  a  state  of  fusion,  a  depression  might  take  place  from  a 
cause  of  this  kind,  and  then  the  melting  of  the  ice  would  account 
for  the  rising  of  the  land,  which  seems  to  have  followed  upon  the 
decrease  of  the  glaciers." ' 

I  have  discussed  this  and  kindred  phenomena  in  my  Physics  of  the 
Eailh's  Crust ;  and  have  there  shown  that,  if  the  crust  3'ielded  freely 
to  the  added  weight,  using  certain  probable  assumed  densities  for  the 
crust  and  substratum,  it  would  require  a  thickness  of  2310  feet  of 
ice  to  depress  the  land,  so  that  on  its  emergence  the  old  shore-line 
should  be  found  at  an  altitude  of  700  feet,  at  which  height  raised 
shell-beds  occur  in  Scandinavia. 

The  subject  of  moimtain  attraction,  referred  to  by  Mr.  Jamieson, 
in  the  October  number  of  this  Magazine,  is  also  discussed  in  chap. 
xi.  of  my  book. 

With  respect  to  the  yielding  of  the  crust,  I  think  we  cannot  but 
lament,  that  mathematical  physicists  seem  to  ignore  the  phenomena 
upon  which  our  science  founds  its  conclusions,  and,  instead  of  seek- 
ing for  an  admissible  hypothesis,  the  outcome  of  which,  when  sub- 
mitted to  calculation,  mi^ht  agree  with  the  facts  of  geology,  tbey 
assume  one  which  is  suited  to  the  exigencies  of  some  powerful 
method  of  analysis,  and  having  obtained  their  result,  on  the  strength 
of  it  bid  bewildered  geologists  to  disbelieve  the  evidence  of  their 
senses.  Such  appears  to  most  of  us  the  conclusion,  that  the  earth  is 
excessively  rigid  from  its  centre  to  its  surface.  For  we  know  that 
down  to  quite  a  recent  period  it  has  yielded  freely  to  pressure. 

bth  Oct.  1882.  0.  FlSHEE. 

*  Journal  of  Geological  Society,  August,  1865,  p.  178. 
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ANGLESEY  GEOLOGY.— REPLY  TO  DR.  R.  D.  ROBERTS. 

Sir, — I  have  just  seen,  after  a  prolonged  absenoe  from  borne,  Dr. 
Eoberts'  paper  in  your  August  Number. 

I  do  not  know  whether  it  is  usually  considered  fair  play  to  ignore 
the  memoir  in  which  an  author  has  expressed  his  views  with  tech- 
nical accuracy,  and  to  base  destructive  criticism  upon  a  subsequent 
paper,  written  in  semi-popular  language,  in  which  the  topic  of  the 
memoir  is  introduced  simply  by  way  of  illustration.  In  an  elaborate 
paper,  embodying  the  results  of  the  work  of  several  years,  which 
was  printed  in  the  Journal  of  the  G^logical  Society  (Bfay,  1881), 
I  most  emphatically  insisted  that  the  altered  rocks  of  Northern 
Anglesey  were  on  the  whole  not  metamorphic,  but  %pometamorphic 
Surely  Dr.  Roberts  must  have  seen  this  memoir.  If  he  had  not,  he 
was  not  qualified  to  express  an  opinion  upon  my  views ;  if  he  had, 
he  was  not  justified  in  misrepresenting  them. 

My  papers  on  "  How  to  work  in  the  Archaean  Rocks,"  which 
appeared  in  this  Magazine,  were  written  for  students  rather  than 
for  teachers,  and  the  terms  employed  were  sometimes  used  in  a 
general,  rather  than  a  strictly  technical,  sense.  Thus  I  avoided  the 
term  **  hypometamorphic  "  as  a  refinement  unnecessary  for  my  pur- 
pose; and  spoke  of  "metamorphic"  as  generally  equivalent  to 
*' altered."  A  critic  should  have  selected  the  scientific,  not  the 
popular,  exposition  of  his  author's  views. 

ArchsBan  geologists  will  eagerly  look  for  the  evidence  upon  which 
Dr.  Roberts  affirms  that  a  "passage"  occurs  between  the  black 
shales  and  the  "altered  Cambrian,"  my  Pebidiau,  of  Northern 
Anglesey.  I  have  hammered  over  almost  every  patch  of  *'  meta- 
morphic "  rock  in  Great  Britain,  and  have  seen  something  of  the 
older  formations  in  Ireland  and  North  America.  I  have  studied 
hundreds  of  sections  where  eminent  authorities  had  declared  that  a 
"piissage"  existed  between  unaltered  strata  and  areas  of  regional 
metamorphism  ;  but  I  cannot  recall  a  single  instance  in  which  I  was 
not  able  to  resolve  the  "passage"  into  a  faulted  junction,  or  some- 
thing equally  inconsistent.  In  Northern  Anglesey,  the  Pebidian  is 
sometimes,  especially  near  its  junction  on  the  south  with  the  black 
shales,  more  highly  altered  than  usual,  and  in  places  is  truly  meta- 
morphic (chlorite-schist) ;  so  that  proof  of  a  true  passage  would  be 
of  great  theoretical  importance.  When  Dr.  Roberts  publishes  this 
discovery,  I  trust  he  will  furnish  such  evidence,  microscopic  and 
strati  graphical,  as  will  remove  the  doubt  which  must  necessarily 
attach  to  the  mere  statement  that  a  passage  exists. 

Dr.  Roberts  does  not  think  that  the  occurrence  of  included  frag- 
ments of  the  "  gnarled  series "  (which  ?)  in  the  Cambrian  would 
place  him  in  a  dilemma.  In  my  simplicity,  I  thought  that  if  B  con- 
tained pebbles  derived  from  A,  A  must  be  the  older  group.  Dr. 
Roberts,  however,  has  certain  "  hypotheses  "  on  hand  to  help  him 
out  of  his  dilemma,  though  he  candidly  admits  tljat  they  are  not  yet 
"  working."     I  should  think  not.  C.  Callaway. 

Wellington,  Salop, 

'September  23y  1882. 
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THE  CABBOXIFEROUS  AND  JURASSIC  SYSTEMS  OF  EUBOPE. 
Sib, — The  Taloable  paper  by  Mr.  Twelvetrees  in  the  Gbol.  Mao. 
for  September  must  be  welcomed  by  all  who  are  interested  in  the 
attempts  which  some  of  us  are  making  to  determine  the  true  rela- 
tions of  the  groups  of  strata  which  occur  in  the  European  area 
between  the  Carboniferous  and  the  Jurassic  Systems.  Its  special 
value  arises  from  the  fact  that  it  embodies  the  observations  of  a 
gentleman  who  has  had  opportunities,  such  as  are  offered  to  very 
few  geologists  of  our  country,  for  making  a  direct  acquaintance  with 
the  important  and  extensive  area  to  which  the  paper  refers.  No 
one  can  have  felt  more  than  myself  the  uncertainty  (not  to  say  ten- 
tativeness)  of  any  judgment  which  can  be  formed  at  second-hand 
from  the  lengthy  and  often  vague  description  given  by  the  great 
master  Murchison,  whose  great  work  still  remains  for  western 
geologists  the  chief  source  of  information  available  with  reference 
to  the  Russian  area.  Mr.  Twelvetrees'  observations  go  further,  I 
think,  than  anything  which  has  as  yet  been  published  in  this  country, 
to  throw  light  upon  several  points  about  which  many  of  us  must  have 
felt  much  uncertainty ;  and  for  my  part  I  hasten  to  take  this  oppor- 
tunity of  thanking  him  (as  well  as  for  his  courtesy  in  allowing  me 
to  read  his  MS.  before  it  appeared  in  print)  for  setting  me  right 
upon  the  matter  of  the  recurrence  of  the  limestone  deposits  in  the 
Russian  '  Permian '  Series.  I  may  also  perhaps  be  allowed  to  point 
out  the  important  bearing  of  his  paper  as  seeming  to  justify  a 
preference  for  regarding  the  Grerman  Dyas  as  the  type  of  the 
European  rocks  of  the  age  in  question  rather  than  the  Russian 
Series ;  a  preference  which  I  liave  already  expressed  in  my  recent 
paper  on  the  "  Classification  of  the  European  Rocks  known  as  Dyas 
and  Trias."  I  will  only  now  direct  attention  to  the  importance  of 
the  series  of  Sandstones,  Marls,  etc.,  which  occur  in  the  Orenhurg 
country  above  the  Magnesian  Limestone  formation,  which,  by  the 
way,  appears  to  be  much  more  completely  differentiated  in  that 
district  than  in  the  strictly  'Permian*  region  further  to  the  north. 
The  resemblance  in  many  respects,  though  there  cannot  be  said  to 
be  identity,  between  these  and  the  *  Lower  Bunter'  of  many  parts 
of  Germany  (which  are,  it  should  be  remembered,  stratigraphically 
conformable  with  the  underlying  Zechstein  Formation  in  Germany 
as  well  as  in  Russia),  is  of  great  importance.  It  would  be  premature 
at  the  present  to  attempt  to  say  what  is  their  definite  position  in  the 
whole  series ;  but  facts  so  far  seem  strongly  to  suggest  the  inference 
that  they  are  in  sort  a  transition  series  between  the  Dyas  and  the 
Trias,  and  this  conclusion  is  borne  out  by  more  recent  results 
obtained  by  Alpine  geologists. 

I  ought  not  to  conclude  this  without  acknowledging  the  kindness 
and  courtesy  of  M.  Marcou,  whose  many  years*  work  on  these 
systems  ought  to  receive  more  attention  than  it  has  done  from 
English  geologists ;  in  particular,  reference  may  be  made  to  papers 
"by  that  gentleman  (1)  in  the  Bulletin  de  la  Society  geologique  de 
Tnnoe,  2nd  Serie^xxiii. ;  (2)  Ibid,  t  xxvi. ;  (3)  Ibid,  t  xxiv. 
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1 — ^KOTES  ON    ORSASTER  BULBIFE&US^   FoBBES,    FBOM  THE  UpPBB 

Chalk,  Bbomlbt,  Kent. 
By  P.  Hbrbbut  Ca&psntbk,  M.A. 

(PLATE   XII.) 

THE  two  Star-fisbofl  represented  in  our  Plate  form  part  of  a 
group  of  six  specimenB  found  associated  together  in  the  same 
mass  of  Chalk  at  Bromley,  Kent,  by  the  late  well-known  collector, 
Jeremiah  Simmons,  of  whose  persevering  and  successful  labours  in 
obtaining  fossils  from  the  Chalk  formation  abundant  evidence  may 
be  seen  in  the  beautiful  series  of  Echinodermata  in  the  cases  of  the 
British  Museum  of  Natural  History,  some  of  which  formed  a  part  of 
the  Dixon  and  Bowerbank  Collections.  He  also  collected  for  the 
Marquis  of  Northampton,  and  a  fine  Collection  of  Chalk  Fossils 
made  by  Simmons  is  now  preserved  in  the  Woodwardian  Museum 
at  Cambridge. 

Seven  species  of  Chalk  Star-fishes,  viz.  six  from  the  Upper 
Chalk  of  Kent,  Sussex,  and  Wiltshire,  and  one  from  the  Lower 
Chalk  of  Sussex  and  Kent,  are  referred  by  Forbes  to  the  genus 
Oreaster  of  Miiller  and  Troschel.  Most  of  these  were  only  known 
to  him  by  very  imperfect  specimens :  it  seems,  therefore,  desirable 
to  refigure  any  which  may  have  since  been  obtained  in  a  more  perfect 
state. 

The  following  list,  taken  from  Morris's  Catalogue,  gives  the 
genera  and  species  hitherto  figured  and  described  from  the  English 
Chalk  and  Oreensand  : — 

I.  Abthraster,  Forbes,  1850. 

1 .  Dixoniy  Forbes,  Mem.   Geol.   Snrv,   Decade  2,  p.  467 ;  Dixon,   Fossils 

Sussex,  p.  336,  t.  23,  fig.  I.     U.  Chalk,  Kent; 
Sussex. 
II.  G0NIA8TER,  Agassiz,  1834. 

Subgenera,  (A.)  Asirogonium,  Miiller. 

iB.)  Ooniodiseus,  Miiller. 
C.)  Stellaster,  Miiller. 
(A.)  Attrogonium  1.  anguttattttf  Forbes,  M.G.S.  2^.  474 ;    Dixon,  Foes.  Sussex, 

335,  t.  23,  f.  10.    U.  Chalk,  Kent;  Sussex. 

2. Cbombii,  Forbes,  M.G.S.  2,  p.  474;  Dixon,  Foss.  Sussex,  334, 

t.  23,  f .  6.    L.  Chalk,  Amberley,  Sussex. 

3.  Uiiuiy   Forbes,  M.G.S.  2,  p.  474 ;   Dixon,  Foss.  Sussex,  333, 

t.  23,  f.  4,  6,    L.  Chalk,  Amberley,  Sussex. 

4.  lunatus,  "Woodwaxd,  sp. ;  Forbes,  M.G.S.  2,  p.  474  ;  Dixon, 

Foss.  Sussex,  t.  23,  f.  7 ;  listerias,  Woodw.  Geol. 
Norf.  t.  5,  f.  1.  U.  Chalk, Norfolk;  Kent;  Sussex; 
Wiltshire. 
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6.  Attrogonium  moMicuB,  Forbes,  M.O.S.  2,  p.  475 ;  DixoD,  Fos.  Saasez,  334, 

t  24,  f.  26.    Chalk  Marl,  DoTer,  Kent ;  ^nnex. 
6.  Smitkiay  Forbes,  M.G.S.  2,  p.  474 ;  Dixon,  Foss.  Sussex,  334, 

t.  22,  f.  1,  2.   L.  Chalk,  Bumham,  Kent;  Sussex. 
(B.)  Gonicdiseut  1.  B^werbankii,  Forbes;  Dixon,  Foss.  Sussex,  t.  22,  f.  4.    U.  Chalk, 

Kent. 
2. eomjHutus,  Forbes ;  Dixon,  Foss.  Sussex,  t.  22,  f .  3.    U.  Chalk, 

Haughton,  Sussex. 

3.  EwUeri,  Forbes,  M.G.S.  2,  p.  471  ;  Dixon, Foss.  Sussex,! 21, 

f.  1.     G.  regulutU^  Mant.  Med.   I.  p.  335.    U. 
Chalk,  Sussex ;  Kent. 

4.  Mant9ll\f  Forbes,  M.G.S.  2,  p.  472  ;  Dixon,  Foss.  Sussex,  t.  23, 

f.  11,  12.     G.  temilunatui,  Mant.  Med.  I.  p.  38S. 

AtterUt^  Park.  Org.   Remains,  3,  t.  L  f.  1.    U. 

Chalk,  Kent;  Sussex. 
6. PtfrJHusoiii*,  Forbes,  M.G.S.  2,  p.  472;  Dixon,  Foes.  Sussex, 

t.  21,  f.  10,  II,  t.  22,  f.  4,  5,  7;    A»i,  regulatii^ 

Park.  Org.  Bern.  3,  t.  i.  f.  3.     U.  Chalk,  Grares- 

end,  Kent ;  L.  Chalk,  Sussex,  etc. 
6. r$etilin§m,  M*Coj,  Ann.  Nat.  Hist.  1848,  p.  408.     U.  Chalk, 

Norwich. 
7. rwfatui^  Forbes,  M.G.S.  2,  p.  471 ;  Dixon,  Foss.  Sussex,  330, 

t.  21,  f.  2.     U.  Chalk,  Kent ;  Sussex ;  Wilts. 
8. mbhmatuM,  Forbes,   M.G.S.  2,  p.  471.      U.   Chalk,    Kent; 

Sussex. 
9. uncatut,  Forbes,  M.G.S.  2,  p.  472;  Dixon,  Foss.  Sussex,  331, 

t  21.  f.  4,  5.     U.  Chalk,  Wiltshire. 
(C.)  SteUatter  {^Comptonxat  Ho9ia^Oni), 

1.  CompUmi,  Forbes,  M.G.S.  2,  p.  476 ;  Dixon,  Foss.  Sussex,  335, 

t.  22,  f.  8.    Greensand,  Blackdown. 
2. eUgantf  Gray,  sp. ;  Forbes,  M.G.S.  2,  p.  476 ;  Dixon,  Fon. 

Sussex,  t.   22,  f.  9.     OmpUmia,  Gray,  Ann.  Nat 

Hist.     1840,     p.    278.       Greensand,    Blackdown, 

Devon;  Folkestone,  Kent. 
III.  Oreaster,  Miiller,  1840. 

1. Boysiiy  Forbes,  M.G.S.  2,  p.  468;   Dixon,  Foss.  Sussex,  t  21, 

f.  6.     U.  Chalk,  Woolwich,  Kent. 

2.  bulbi/eruSf  Forbes,  M.G.S.   2,  p.   468;    Dixon,  Foss.  Sussex, 

p.  328,  t.  24,  f.  7.      (See  Plate  XII  )     U.  Chalk, 

kromley;    Northfleet,  Kent;  Sussex. 
3. eoronatusy  Forbes,   M.G.S.  2,  p.  467;   Dixon,    Foss.   Sussex, 

t.  21,    f.   7.      L.    Chalk,   Washington,    Sussex; 

Burham,  Kent. 
4. obtususy  Forbes,  M.G.S.  2,  p.  468 ;  Dixon,  Foss.  Sussex,  330, 

t.  21,  f.  12.     U.  Chalk,  Lancing,  Sussex. 
6. ocellatus,  Forbes,  M.G.S.  2,  p.  468;  Dixon,  Foss.  Sussex,  329, 

t.  21,  f.  13.     U.  Chalk,   Kent;    Sussex. 
6. pistiliiferiMy  Forbes;    Dixon.  Foss.   Sussex,  t.  21,  f.  15.    T. 

Chalk,  Kent;   Wiltshire. 
7. sqttamatuSj  Forbes,  M.G.S.  2,  p.  468;    Dixon,  Foss.  Sussei, 

328,  t.  23,  f .  7.     U.  Chulk,  Kent. 
rV.  Ophiura,  Lam.  1816. 

1.  serrataj  Roemer,    Kreide,  t.  6,    f.  23 ;    Renss,    Kreide,   t.  1, 

f.  26.     U.   Chalk,    Norfolk;  Gravesend,  Charing, 

Kent. 

Forbes's  remarks  on  Oreaster  are  as  follows  : 

Genus  Oreasteb,  Miiller  and  Troschel. 

**  Very  convex,  more  or  less  stellato-pentagonal  Star- fishes,  having 
strongly  constructed  skeletons,  often  bearing  on  the  disk  large 
tubercles  or  spines.     Two  rows  of  large  plates  form  the  borders. 


p.  H.  Carpenter — Noles  on  Oreaster  bulbiferus.        531 


"  This  genus  is  synonymoas  with  Fentacerot  of  Linok  (hut  that 
&me  is  objeotionahle,  sinoe  it  has  been  applied  to  a  genus  of  Fishes 
^  Cuvier  and  Valenciennes).  It  formed  part  of  Ooniaster  as  defined 
y  Agaasiz.  The  fossil  species  are  found  in  the  Upper  and  Lower 
Ihalk ;  and  some  of  them  bear  considerable  affinity  to  existing  forms, 
liose  now  living  are  all  tropical,  and  often  of  great  size." 

M tiller  and  Troschel  proposed  the  genus  Oreaster  as  a  substitute 
)r  Peniaceros,  Linck,  on  the  grounds  mentioned  by  Forbes.  Before 
tieir  time,  however,  the  late  Dr.  Gray  had  transformed  Linok's 
ame  into  that  of  a  family  Pentacerotidm,  in  which  he  included  such 
ery  dissimilar  forms  as  EchincLster,  Ophtdiaater,  and  Pentaceros. 
Lcoording  to  Prof.  Edm.  Perrier,^  it  is  therefore  necessary  to  sub- 
ivide  this  into  three  small  families ;  but  though  retaining  Linck's 
'eneric  name,  he  prefers  to  give  the  name  Goniasterida  to  the  last 
f  these,  in  which  he  places  Peritaceroa,  because  the  fourteen  genera 
rhich  he  includes  in  it  are  very  nearly  those  that  were  formerly 
omprised  in  the  genus  Ooniaater,  Agassiz.  Prof.  Claus,'  however, 
roups  these  fourteen  genera  into  three  more  families,  and  names 
ne  of  them  Oreaaterida,  though  using  Linck's  generic  name.  This 
i  considerably  older  than  the  time  of  Ouvier  and  Valenciennes,  and 
Kerefore  should  have  the  right  of  priority  ;  while  the  fish -genus  of 
be  same  name  proposed  by  these  naturalists  seems  to  have  fallen 
ut  of  use,  as  it  is  not  to  be  found  in  the  index  to  Claus's  Grundzuge. 

Mr.  A.  Agassiz,^  writing  in  1877,  employed  Peniaeeroa  rather  than 
heaater,  as  does  Prof.  Zittel  in  his  well-known  '*  Handbuch  der 
*alaeonfologie"  (page  427);  though  Dr.  Lutken,  of  Copenhagen, 
rho  has  such  an  extensive  acquaintance  both  with  Echinoderms 
nd  with  Fishes,  has  recently  revived  Oreaater  again.^  It  seems 
robable,  however,  that  Linck's  claims  will  prevail,  and  that  the 
en  us  will  be  known  in  this  country  as  Pentuceroa,  just  as  it  is  in 
'ranee,  Germany,  and  America.  The  subject  will  doubtless  be 
illy  considered  by  the  accomplished  naturalist  who  is  working  out 
be  Star-fishes  collected  by  the  "  Challenger " ;  and  till  his  report 
ppears,  at  any  rate,  palaeontologists  may  continue  to  employ 
'orbes's  nomenclature.  He  gave  the  following  description  of  the 
pecies  represented  in  our  Plate. 

Oreaater  hulhiferua,  E.  Forbes.     Plate  XII. 

E.  Forbes  in  Dixon's  Geology  of  Sussex,  Ist  edition,  1850,  p.  328,  pi.  xxiv. 
fig.  27  ;  2nd  edition,  1878,  p.  363,  pi.  xxiv.  [27]  (fig.  7  in  error)  fig.  27  on 
plate.    Mem.  Geol  Surv.  vol.  ii.  p.  468. 

"  Disk  very  convex,  covered  in  the  oentre  with  flat,  many-lobed, 
•unctated  plates,  some  of  which  are  very  large.  Opposite  the 
rigin  of  each  ray  is  a  large  tubercular,  very  convex  conic  plate, 
^ith  a  wide  and  lobed  base.  The  surface  of  all  these  plates  is  punc- 
site ;  a  few  similar  plates,  but  less,  and  more  regular  in  form,  run 

1  H^vision  des  Stell^rides,  Paris,  1875,  pp.  16-17. 

*  Gnindziige  der  Zoologie,  1880,  p.  342. 

'  North  America  Star-fishes,  Camoridge,  U.S.  1877,  p.  108. 

*  Dyreriget.  (The  Animal  Kingdom).  Textbook  of  Zoology,  No.  1,  Copenhagen, 
882,  p.  613. 


dttWB  Aft  oriipa*]  •xwa.  TVr  %\  ■!■%  -fceiMe  taf  wok^  & 
mips*  of  twf>  terit*  of  tnaa««raelj  oUoa^  vnr-iaEBDi^  bibi4 
kiHend,  *n>]  etairan^  pvaOater)  pltfCK.  wfaiA  akRBK«  «B  ^  »!■ 
witfa  *  insllcr  row ;  md  tltMe  an  ■acu.tA.g  bj  atoiJK^  las. 

"TIm  czTnmitjr  of  cmIi  nj  is  wwnOma  h^a  a  pjrigjm  Aift. 
frmniBg  an  eye-pntectug  af)p«rat«a.  The  rmm^^t  at  dti*  •>  Smei 
bfrcrjr  Ivgv,  oooTf^  aabglobcwe,  pvnetated  plaua.  wiiAoirr^faai 
to  tliqae  at  tba  or^a  of  the  ray.  Tbeae  ahcraatr  at  ifac  »^  -misk 
4«v  TCTj  Iv;^  ncArlr  flat,  oblot^  HwlarlT  onHnesTcd  pi*'^ 
wbieb  articalal«  with  otiien  half  tiMtr  hw,  eornEVfUMiiiBe  s>  ta> 
inferior  row  ;  ben*)atfa  them  an  otben  nixh  culler.  wUch  ■  nfc 
MiDot*  oaaicUa^  bother  ll>«  areniie,  oorrcaponiJin);  to  ifae  mkJer  m. 
All  tb«  pUtM  of  the  balbo**  temunatioiH  of  tlw  azsa  an  Hack 
tarter  tbiui  tboM  to  which  the;  aomapcmi,  except  the  bat." 

The  rabioiDed  woodcat  will  aeiie  la  Aow  1 1 »  th*  nn*^  '■^  '  - 
nodo-  aide  of  an  arm  of  OrtaiUr  Wba/fm,  Fortea : — 


Ann  n(  Ortiuicr  bultxjrrui,  ¥uT\na.  1  L'pper,  2  UaileT  side.      i,B,  amiuUcra, 

"  'Iliifl  iH  one  of  tlie  handsomest  and  most  ciiHoas  of  all  the  fossil 
Star-fislieR.  It  in  mttjcr  rare,  and  seldom  seen  perfect.  One  or  tno 
living  HpecieH  of  OreatCer  have  a  similar,  bat  not  equal,  development 
of  plates  at  the  exlroniities  of  the  rays."  Tlie  specimen  figared  bj 
I'mfeMBor  Forbes  in  Dixon's  Geology  of  Siissei  is  from  Northfleel, 
Kfiit ;  another  specimen  has  been  obtained  from  Susses,  The  pair 
figured  in  our  Plate  were  obtained  from  the  Upper  Chalk  of 
Ilmmloy,  KphI,  and  are  preserved  in  the  British  Museum  of  Natural 
Ilistfiry.  They  show  the  largo  tubercles  of  the  dorsal  surface  very 
olonrly,  and  in  one  of  thtm  (he  madreporic  plate  (in.  p.)  is  also 
visible.  Tho  peculiar  shape  of  the  raya  is  well  shown  in  tbe 
acctiiripanying  diiigramB  of  llieir  upper  and  under  sides.  The  latter 
mny  Ijo  advantngeonsly  compared  with  a  figure  given  by  Mr.  Agassii 
of  the  same  parts  in  the  recent  Penfacerot  retieidalua  of  the  North 
American  coasts.' 

'  Loe,  eil.  pi.  iri.  fig.  i. 
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At  the  base  of  the  ray  the  lower  of  its  two  rows  of  marginal  plates 
is  8e{>arated  from  the  adambulacral  plates  bordering  the  arm  groove, 
by  the  pavement -like  intermediary  plates  of  the  actinal  surface.  In 
the  fresh  specimens  these  are  covered  by  a  coarse  granulation  which 
sometimes  almost  takes  on  the  character  of  spines.  They  are 
arranged  in  tolerably  regular  rows  at  the  bases  of  the  rays  of 
Greasier  hvibiferus ;  but  at  the  point  where  each  ray  narrows  there 
is  only  one  row  of  small  intermediary  plates  left  on  each  side 
between  the  marginal  and  the  adambulacral  plates.  Farther  out, 
where  the  ray  swells  again,  the  intermediary  plates  increase  in  size, 
though  they  are  limited  to  one  row,  which  comes  to  an  end  a  short 
distance  from  the  extremity  of  the  ray. 


IL — NOTKS   ON   THE  SuDDKN   DSSTKUOTION   OF   MARINE  AniMALS. 

By  Pbof.  T.  Eupbrt  Jones,  F.R.S.,  F.G.S.,  etc. 

IN   the  Geoloqical    Maqazine,  Vol.  II.   1865,   p.    141,  is  the 
following  interesting  note  on  this  subject : — 

'*  Having  often  been  puzzled  to  comprehend  the  manner  in  which, 
in  some  instances,  large  numbers  of  marine  animals,  such  as  Cuttle- 
fishes, Grabs,  Lobsters,  and  even  Fish  and  Reptiles,  have  in  past 
ages  suddenly  perished  in  their  own  element  and  been  entombed, 
probably  on  or  near  the  very  spots  where  they  had  been  hatched  out, 
and  which  they  had  frequented  all  their  lives,  it  has  occurred  to  me 
that  any  suggestion  as  to  causes  now  in  operation  which  might  have 
produced  then,  as  now,  the  same  result,  will  not  be  unwelcome 
to  the  geological  student  In  the  '  Principles  of  Geology  *  (7th 
edit.  1847)  Sir  0.  Lyell  mentions  (p.  743),  among  other  causes, 
the  shifting  of  currents  which  might  result  in  the  carrying  away  of 
banks  of  sand  and  mud,  habitats  of  vast  colonies  of  cockles  and 
other  molluscs ;  and  the  effect  of  a  storm  in  tearing  up  and  casting 
ashore  from  their  more  solid  bed  great  heaps  of  the  edible  oyster  in 
the  estuary  of  the  Firth  of  Forth  in  lb31,  and  numbers  of  living 
whelks. 

*'  At  Stornoway,  in  the  Island  of  Lewis,  the  largest  of  the  Hebrides, 
is  a  depot  for  Fishermen,  from  whence  large  quantities  of  Lobsters 
are  every  week  despatched  by  steam-packet  to  Glasgow  (a  distance 
of  250  miles).  These  crustaceous  delicacies  are  not  peusked  until  the 
latest  moment,  being  required  to  reach  London  *  strong  alive.' 
During  the  week  the  daily  '  catches '  are  placed  in  large  wooden 
boxes  (perforated  on  every  side  so  as  to  allow  a  free  current  of  water 
to  pass  through  them),  and  sunk  in  the  sea  at  the  end  of  the  pier 
within  the  bay.  On  one  occasion,  when  more  than  1,000  lobsters 
had  been  so  boxed  up,  a  heavy  fall  of  rain  during  the  night  brought 
down  so  much  fresh  water  that  in  the  morning  every  lobster  was 
found  dead,  and  the  whole  were  sold,  at  a  heavy  loss,  within  the 
island. 

•*My  friend  Mr.  Day,  of  Charmouth,  informs  me  that  after  the 
sudden  thaw  at  the  end  of  January  and  the  beginning  of  February 
(1865)  such  large  floods  of  snow-water  flowed  into  the  sea  along 
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the  Dorsetsbire  coast  that  immense  numbers  of  tbe  'Poulpe* 
{Octopus  vulgaris)  bave  been  killed  and  wasbed  asbore  at  Cbarmouth. 
Is  it  not  probable  tbat  tbese  sudden  influxes  of  fresh  water — 
especially  when  at  a  much  lower  temperature,  and  charged  with 
sediment — may  bave  produced  similar  results  in  past  times,  as  now, 
and  may  to  a  great  extent  explain  the  occurrence  of  marine  organisms 
in  a  very  abundant  and  unusually  perfect  state? — H.  W. 

•*  Note. — Sir  W.  Denison  has  remarked  (Greol.  Soc.  Joum.  vol.  xviii. 
p.  468)  that  tbe  great  rains  of  tbe  S.W.  Monsoon  periodically  destroy 
millions  of  fish  and  other  marine  creatures  off  tbe  coast  of  India. 
Severe  frosts  during  low  tides  are  highly  destructive  to  the  Littoral 
zone  of  sea-life,  as  noticed  by  Hugh  Miller  and  others ;  and  volcanic 
emanations  also  destroy  animals  and  plants  far  and  wide  in  both 
deep  and  shallow  seas. — Edit.  Geol.  Maq.*' 

Under  tbe  same  heading  I  have  from  time  to  time  collected  several 
memoranda  relating  more  particularly  to  Fishes,  and  herewith  offer 
them  to  present  notice,  not  tbat  they  form  a  complete  series  of  such 
observations,  but  only  as  being  suggestive,  and  perhaps  useful  to 
some  one  desirous  of  fully  carrying  out  tbe  subject. 

I.  Fish  are  killed  in  very  large  quantities  by  either  unusual  or 
periodical  influx  of  fresh  water  from  tbe  land. 

1.  On  the  Death  of  Fishes  during  the  Monsoon  off  the  Coast  of 
India,  By  Sir  William  Denison,  Groveruor  of  Madras.  Quart.  Joum. 
Geol.  Soc.  vol.  xviii.  p.  453  ;  1862. 

*'  On  steaming  between  Mangalore  and  Cananore,  on  tbe  west 
coast  of  the  Peninsula,  I  was  sensible  of  a  very  offensive  smell, 
which  at  last  I  found  to  proceed  from  the  sea  itself.  When  I  landed 
at  Cananore.  I  found  that  the  sea-breeze  brought  in  a  similar  smell — 
a  little  modified  in  intensity  of  course  ;  and,  on  inquiry,  I  found  that 
for  some  time  after  the  S.W.  Monsoon  the  sea  was  always  veiy 
offensive, — that  thousands  of  Fish  were  thrown  up  on  the  shore  dead. 
The  cause  of  this  was  attributed  to  the  mass  of  fresh  water  poured 
into  the  sea  during  the  Monsoon.  In  three  months,  120  inches  of 
rain,  on  an  average,  fall  upon  an  area  of,  say,  60  miles  in  width,  for 
the  whole  length  of  the  coast-line,  from  each  running  mile  of  this 
coast  ;  therefore  there  will  be  about  800,000,000  of  gallons  poured 
into  the  sea  daily ;  hut,  as  most  of  this  will  come  out  of  the  rivers, 
of  course  at  certain  points  the  quantity  will  be  multiplied  twofold. 
The  natural  consequence  will  be  the  destruction  of  all  animal  and 
vegetable  life,  which,  being  adapted  for  salt  water,  must  die  after  a 
time  in  fresh  water.  There  will  therefore  be  layers  of  Shells 
covered  by  strata  of  sand  and  mud.  Seaweeds  in  various  stages  of 
decomposition,  and  Fish,  small  and  great,  deposited  at  the  bottom  of 
these  seas.  I  saw  thousands  of  dead  fish  floating ;  and  there  were, 
no  doubt,  thousands  lying  dead  at  the  bottom." 

2.  In  August,  1872,  an  influx  of  fresh  water  into  the  sea  all  along 
the  southern  shore  of  Tobago,  coming  from  the  great  South -American 
rivers  (loO  miles  from  the  mouth  of  the  Orinoco  and  900  from  that  of 
the  Amazon),  killed  the  Starfishes  and  other  marine  animals  (Naturej 
December  19th,  1^72,  p.  124). 


_  » 
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3.  Nordenskiold  noticed  the  fact  of  fresh  water  from  the  mouth 
of  the  YeniBi  killing  deep-sea  fish. 

4.  Lyell  has  referred  to  the  mud-floods  of  the  Shebenaoadie 
Biver,  such  as  may  be  regarded  as  analogous  to  those  that  killed  and 
buried  the  Saurians  and  Cephalopods  in  the  Liassic  sea. 

Vice  versd,  the  fishes  of  the  Jordan,  brought  down  by  periodical 
floods,  are  killed  by  the  saltness  of  the  Dead  Sea. 

II.  Volcanic  agency  is  very  destructive  to  Aquatic  Life. 

1.  The  Lake  Myvatn  (Iceland),  20  miles  in  circumference,  was 
invaded  by  lava,  which  kept  the  water  boiling  for  20  days  in  1783 
{Somerville's  Physical  Geography,  p.  791). 

2.  Great  quantities  of  fish  were  destroyed  by  lava  coming  down 
from  Eilauea  {Beclus*  La  Terre^  Eng.  ed.  vol.  i.  p.  539). 

3.  Fishes  were  seen  ''cooked  and  floating"  ....  together 
'*  with  Shellfish  and  other  aquatic  animals,"  on  Lake  Ilopango,  near 
San  Salvador,  owing  to  an  eruption  of  the  volcano  in  the  lake  in 
IS'BO  {Nature,  June  10th,  1880,  No.  554,  p.  124). 

4.  Lyell  also  refers  to  the  dead  fishes  around  Oraham's  Island  in 
the  Mediterranean ;  and  the  analogy  of  the  sun'ounding  deposits  to 
the  Palaeozoic  ash-beds  has  been  pointed  out. 

III.  Earthquake-waves  are  noticeable  in  this  connection. 

1.  On  a  quantity  of  Crabs  throum  up  on  the  Beach  in  Payta  Bay, 
By  Dr.  C.  Forbes,  RN. — For  some  time  previous  to  the  occurrence 
of  a  severe  earthquake-shock,  on  or  about  the  30th  August,  1857,  the 
Bay  of  Payta  swarmed  with  Crabs  of  a  kind  not  generally  observed, 
and  ten  days  after  the  earthquake  they  were  thrown  up  on  the  beach, 
in  a  raised  wall-like  line,  3  to  4  feet  wide,  and  to  the  height  of  about 
3  feet,  along  the  whole  extent  of  the  bay,  and  above  high- water  mark. 
At  the  same  time  as  the  upheaval  of  the  Crabs  took  place,  the  water 
of  the  bay  became  changed,  from  a  clear  blue,  to  a  dirty  blackish- 
green  colour,  much  resembling  that  off  the  Island  of  Chiloe,  Concep- 
cion,  and  the  southern  parts  of  Chili.  Ten  days  afterwards.  Dr.  C. 
Forbes  found  that  living  specimens  of  the  Crabs  were  still  numerous 
in  the  bay,  but  all  appeared  to  be  sickly,  and  numbers  came  ashore 
to  die.  There  were  no  appearances  of  any  alteration  of  the  relative 
position  of  sea  and  land  in  the  vicinity,  nor  had  any  ebullition  of 
gases  been  observed ;  although  probably  to  both  these  causes  com- 
bined the  phenomenon  described  was  due  {Quart.  Joum,  OeoL  Soc 
vol.  xiv.  p.  294;  1858). 

2.  "  Lake  Ontario  Troubled. — An  extraordinary  rise  and  fall  of  the 
water  in  Lake  Ontario  was  observed  for  several  hours  on  the 
afternoon  of  the  13th  of  June.  The  ebb  and  flow  occurred  every  20 
minutes ;  that  is,  for  ten  minutes  the  water  would  gradually  recede, 
then  commence  rising  and  continue  to  rise  for  about  ten  minutes. 
The  water  rose  two  feet  and  three  or  four  inches  above  the  ordinary 
level,  then  receded  about  the  same  distance  below  the  usual  level, 
making  a  variation  in  the  height  of  the  water  of  nearly  or  quite  four 
feet  and  a  half  every  20  minutes.  The  water  flowed  up  the  beach  some 
five  rods  beyond  the  point  touched  in  still  water,  and  it  flowed  back 
ten  rods  beyond  the  ordinary  water  edge ;   thus  the  ebb  and  flow 
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oovered  or  laid  bare  the  beach  for  15  rods.  It  is  stated  also,  that 
previous  to  the  rise  a  white  squall  on  the  lake  gathered  into  a  hi^ 
water-spout,  which  swept  rapidly  to  the  east.  A  rumbling  sound 
was  heard  coming  from  the  water.  Fish  came  to  the  surface  of  the 
lake  in  great  numbers,  and  bubbles  of  gas  rose  rapidly  and  exploded. 
It  was  supposed  there  might  be  a  submarine  earthquake"  (Newspaper, 
1872). 

lY.  1.  Hurricanes,  as  storm-workers,  kill  fish  under  certain  cir- 
cumstances ;  and  a  water-spout  sometimes  whisks  a  Bhoel  out  of 
shallow  water  and  distributes  them  elsewhere  as  a  ''  rain  of  fish." 

2.  Storms  kill  multitudes  of  fishes,  molluscs,  etc.,  either  by  beating 
them  to  death  or  by  burying  them  in  sand  and  shingle.  Brady, 
Crosskey,  and  Robertson  say  (Pcdaontograph,  Soe,  Monograph  of  the 
Post-Tertiary  Entomostracay  1874,  p.  82),  "After  every  great  storm 
there  is  probably  some  change  in  the  habitats  of  the  moUusca." 

3.  A  great  storm  in  March  or  April,  1874,  killed  millions  of 
Oysters  at  Arcaohon,  on  the  coast  of  France  (Newspaper). 

4.  The  late  A.  Leith  Adams  described  in  1868  (Quart  Joum.  Geol. 
Soa  vol.  xxiv.  p.  303),  the  result  of  a  heavy  gale  setting  up  the  Bay 
of  Fundy,  into  Anderson's  Cove,  and  thence  into  a  small  narrow- 
necked  lagoon,  on  26th  September,  1867,  driving  before  it  myriads 
of  small  fishes  and  killing  them  by  violence,  beating,  bruising, 
smashing,  and  suffocating  such  quantities  that  they  lay  a  foot  thick  on 
the  banks.  *'  With  the  exception  of  a  few  Mackerel  and  Xew  York 
Flounder  (PI aiessa  plana),  this  vast  host  belonged  to  one  species, 
the  Clupea  elongata,  or  American  Herring,  and  [the  fishes]  averaged 
about  six  inches  in  length."  After  some  further  observations  on  the 
enormous  quantity  of  fishes,  the  peculiarities  of  the  scene,  and  the 
effects  of  the  storm,  the  author  proceeds  to  observe,  "  To  the  geolo- 
gist such  accidents  as  the  above  cannot  be  otherwise  than  intensely 
suggestive.  Here  we  have "  the  Devonian  and  earlier  Palaeozoic 
rocks  covered  with  Glacial  Drift,  now  being  overspread  by  a  marine 
deposit  in  which  enormous  quantities  of  one  species  of  Fish,  in  every 
possible  state  of  integrity  and  mutilation,  are  mixed  up  with  Mussels 
and  other  recent  shells,  Crustacea  of  large  dimensions,  tests  of 
Echini  and  other  Radiata,  Annelids,  Plants,  etc.,  etc.  The  majestic 
tidal  wave,  as  it  rushes  up  the  Bay  of  Fundy,  will  so^n  cover  up 
these  remains ;  and  in  the  far  distant  future  mayhap  some  geologist 
may  speculate  on  the  causes  that  brought  about  this  wholesale 
destruction  of  so  many  Fish,  just  as  we  are  lost  in  wonder  and 
astonishment  how  and  by  what  manner  of  means  such-like  ])heno- 
mena  took  place  in  many  instances  among  the  Devonian  and  Car- 
boniferous systems  of  this  and  other  continents." 

V.  Fishes  may  be  suff*ocated  for  want  of  oxygen  when  massed 
together  in  frightened  shoals, — as  they  are  in  nets, — also  when 
burrowing  in  sand  and  mud  and  accidentally  buried  by  other  sands 
and  mud. 

1.  In  the  "Geologist,"  vol.  ii.  1859,  p.  216,  is  the  following 
extract  from  a  paper  entitled  •*  A  Week  in  Gaspe,"  by  Dr.  J.  W. 
Dawson,  in  the  **  Canadian  Naturalist." 
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"  On  tlie  long  sand-point  tbat,  stretching  far  into  the  bay,  shelters 
the  harbour  along  which  we  walked  in  search  of  Whales'  bones  and 
shells,  I  observed  an  appearance  new  to  me,  and  of  some  geological 
interest.  Shoals  of  the  American  Sand-laance  {Ammodytes  Ameri^ 
canus),  a  little  fish  three  or  four  inches  in  length,  had  entered  the  bay, 
and,  either  seeking  a  place  for  spawning  or  for  sheltering  themselves 
from  their  nameroas  enemies,  had  run  into  the  shallow  water  near 
the  Point,  and,  according  to  their  usual  habit,  had  in  part  buried 
themselves  in  the  sand,  which  they  throw  up  by  means  of  their  long 
pectoral  fins.  In  this  situation  countless  multitudes  had  died  or  been 
thrown  on  shore  by  the  surf,  and  the  crows  were  fattening  on  them, 
and  the  fishermen  collecting  them  in  barrels  for  bait ;  acres  of  them 
still  remaining,  whitening  the  bottom  of  the  shallow  water  with 
their  bodies.  It  was  impossible  not  to  be  reminded  by  such  a 
spectacle  of  the  beds  full  of  Capelin  in  the  Post-Pliocene  Clay  of 
the  Ottawa,*  and  the  similar  beds  filled  with  fossil  fishes  in  other 
beds  as  far  back  as  the  Old  Red  Sandstone.  Geologists  have  often 
sought  to  account  for  such  phenomena  by  supposing  sudden  changes 
of  level  or  irruptions  of  poisonous  matter  into  the  water ;  but  such 
catastrophes  are  evidently  by  no  means  necessary  to  produce  the 
effect.  Here,  in  the  quiet  water  of  Gaspe  Bay,  year  by  year, 
immense  quantities  of  the  remains  of  the  Sand-launce  may  be 
imbedded  in  the  sand  and  mud  without  even  a  storm  to  destroy 
them.  Similar  accidents,  I  am  told,  happen  to  the  shoals  of  Capelin ; 
so  that  there  is  nothing  to  prevent  the  accumulation  here  of  beds 
equally  rich  in  the  remains  of  Fishes  with  those  deposits  of  Ichthyo- 
lites  that  have  excited  so  much  interest  and  wonder.*' 

VI.  Shoals  of  Fish  are  often  driven  ashore  by  fishes  of  prey. 

1.  J.  B.  Jukes  noticed  in  Northern  Bay,  Newfoundland,  on  July  1, 
1839,  that  live  Capelin  (Mallotun  viUosus)  were  washed  on  shore  by 
wave-fuls ;  and  on  July  5th,  at  Buenaventura  Head,  he  saw  that  the 
Capelin  were  chased  by  whales  in  the  offing  (Jukea's  Letters,  1871, 
p.  60). 

2.  Fishes  have  been  seen  to  be  driven  ashore  by  porpoises  and 
other  enemies  on  the  south-eastern  coast  of  Africa  {Captain  Orr, 
1874). 

VII. — Among  other  causes  of  wide  destruction  among  Fishes  and 
Molluscs  are  both  too  much  and  too  little  heat  in  shallow  water. 

1.  J.  Gwyn  Jeffreys  notes  that  the  Scrohicularia  piperatti,  living 
in  mud,  sometimes  suffers  from  its  long  siphons  being  dried  by  too 
long  an  exposure  of  the  mud  to  the  summer  sun. 

2.  We  know  also  that  freshwater  ponds  may  be  nearly  or  quite 
dried  up  in  hot  seasons,  to  the  partial  or  total  destruction  of  their 
inhabitants. 

3.  Some  saltwater  lakes,  covering  26  square  miles,  did  exist  (but 
were  to  be  drained)  near  Calcutta,  which  were  full  of  water  in 
September  and  October,  but  the  waters  went  off  in  November  and 
December,  leaving  the  fish  to  die  and  putrefy  {The  Reader,  Dec.  2, 
I860,  p.  630). 

1  See  Geol.  Mao.  Vol.  I.  p.  160. 
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4.  In  the  sammer  of  1866  a  shallow-water  area  in  Morecamb 
Bay  was  full  of  dead  and  dying  salmon,  owing  prohably  to  the  water 
being  highly  heated  by  the  snn  (Newspaper). 

5.  *'  Ifortality  amomg  Salmom, — During  the  last  three  or  fonr  dajt 
the  residents  in  the  neighbourhood  of  Rockliffe  and  Bnr]gh  Marshei 
hsTe  witnessed  the  recurrence  of  an  extraordinary  phenomenon  con- 
nected with  the  SalmonidcB  of  the  Sol  way.  After  each  tide  the  shore 
has  been  found  strewed  with  dead  and  dying  salmon  and  salmoii 
trout,  presenting  no  indication  of  the  cause  of  death.  We  hsTB 
heard  of  some  50  fish  being  found  on  the  sands  of  Rockliffe  Manb, 
and  we  believe  that  on  the  Burgh  Marsh  side  of  the  river  a  much 
larger  number  have  been  picked  up.  It  will  be  remembered  that  i 
similar  occurrence  took  place  last  year,  when  various  theories  were 
put  forth  as  to  the  cause  of  death.  The  fact,  however,  that  the 
mortality  of  last  year  was  accompanied  by  the  same  oonditions  of 
weather  and  water  as  that  of  this  year  seems  to  settle  the  doubt  as 
satisfactorily  as  probably  it  ever  will  be  settled.  During  the  whole 
of  last  week  the  Eden  had  fallen  unusually  low ;  the  tides  were  also 
low ;  while,  at  the  same  time,  the  weather  was  exceedingly  warm. 
The  chronicler  of  meteorological  observations  at  Silloth  records  *s 
week  of  brilliant  summer  weather,  sky  almost  cloudless ;  solar  radia- 
tion great,  and  atmosphere  very  dry.'  The  sun  would,  tlierefore, 
play  with  unwonted  power  upon  the  shallow  water  at  the  month  of 
the  Eden,  raising  its  temperature,  and  sickening  its  finny  inhabitants 
even  unto  death.  There  is  little  doubt,  in  fact,  that  the  fish  left  by 
the  tide  have  either  died  of  a  sun-stroke,  or  have  been  so  much 
sickened  and  weakened  by  the  action  of  the  sun  as  to  be  unable  to 
get  away  with  the  receding  tide"  (Carlisle  Journal). 

6.  **  The  French,  Oyster  Harvest. — For  some  time  fears  ha*!  l>een 
entertained  that  the  oyster-beds  on  the  west  coast  of  France  would 
Buifer  from  the  intense  heat  prevalent  throughout  Europe,  but  the 
most  despondent  owners  had  not  anticipated  so  complete  a  disaster 
as  that  which  has  overtaken  them.  It  is  now  certain  that  the 
harvest  of  this  year  will  be  a  total  failure ;  in  many  cases  the  beds 
are  entirely  depopulated,  and  their  owners  ruined.  The  damage  to 
individuals  is  estimated  at  over  2,000,000f.,  and  the  Government 
will  also  be  a  heavy  loser.  The  effect  on  the  Paris  prices  has  been 
very  marked,  many  restaurants  charging  from  four  to  five  francs  a 
dozen.  From  Arcachon  a  very  singular  result  of  the  heat  is  re- 
ported, which  at  one  moment  threatened  to  produce  a  regular  pesti- 
lence. The  muddy  shore  near  that  place  is  at  low  water  the  resort 
of  innumerable  eels,  which  bury  themselves  in  the  slime  till  the 
return  of  the  tide.  The  excessive  heat,  by  drying  up  the  mud,  had 
killed  them  in  thousands,  and  the  smell  of  their  dead  bodies,  washed 
up  and  down  by  the  tide,  was  beginning  to  spread  fever  in  the 
neighbourhood.  A  large  number  of  fishermen  were  theretore  en- 
gajred  to  collect  them  in  heaps  on  the  beach,  whence  they  were 
carted  inland  and  buried.  The  total  amount  thus  disposed  of  wa« 
over  400  cartloads"  (Newspaper,  August,  1869). 

VIll.  1.  Hugh  Miller  long  ago  observed  the  destructive  eflfects  of 
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frost  on  Molluscs  between  tidal  lines  and  at  low  water  in  severe 
winters. 

2.  It  is  stated  that  Oysters  are  killed  by  cold  (at  freezing-point)  in 
less  than  three  or  four  feet  of  water  "  ( Chambers's  Journal,  No.  837, 
Jan.  10th,  1880,  p.  29,  eta). 

d.  In  the  lower  half  of  an  ice-sheet,  8  feet  thick,  in  Barrow 
Strait,  Dr.  P.  C.  Sutherland  observed  that  '*  scores  of  small  Fishes 
(Merlangus  polaris)  had  been  caught  and  cruelly  detained,  and 
starved  to  death,"  while  ''  myriads  of  Infusoria  and  siliceous  AlgSB 
luxuriated  in  the  utmost  profusion  "  (Sutherland's  Journal  of  CapL 
Penny's  Voyage,  etc.,  2  vols.  1852,  vol.  i.  p.  224,  and  pp.  275-6). 

IX.  Diseases  and  parasites  appear  to  be  common  evils  among  Fish. 
The  Salmon,  Oold  Fish,  etc.,  are  known  to  sufifer  frotn  parasitic 

Alg83. 

1.  **Fish  Disease, — The  fish  in  the  Seine  at  Paris  appear  to  be 
suffering  from  some  malady.  Large  numbers  are  cast  on  the  banks 
dead,  almost  in  a  state  of  46Com position,  and  cannot  fail  to  render 
the  water  unwholesome  for  drinking  purposes.  Immense  shoals  also 
float  on  the  surface  of  the  river  with  their  heads  out  of  the  water, 
and  are  easily  taken  by  men  who  wade  in  the  stream  with  nets  and 
baskets.     Such  fish  are,  however,  quite  unfit  for  food  "  (Newspaper), 

2.  In  a  Newspaper  dated  August,  1867,  it  is  stated  that  ''  The 
hanks  of  the  Lake  of  Constance  are  at  the  present  moment  covered 
with  vast  numbers  of  dead  fish,  the  result  of  a  malady  prevailing 
among  them.  A  similar  epidemic  recently  prevailed  in  the  waters 
of  the  Lake  of  Geneva." 

3.  A  great  mortality  among  the  Fishes  in  the  Gulf  of  Mexico  is 
noticed  in  the  Annals  and  Mag.  Nat.  Hist.  ser.  5,  vol.  \'iii.  p.  238, 
1881,  from  an  American  Journal,  For  two  years  near  Florida,  along 
a  belt  of  water  at  a  small  distance  from  the  shore,  but  over  a  space 
of  200  miles,  the  water  was  brick-red  in  colour,  and  its  surface 
covered  with  dead  fish ;  so  also  was  the  beach ;  and  in  fishing 
smacks,  with  live  fish  in  "  wells/'  passing  through  this  water  all  the 
fish  were  lost  by  death.  After  careful  examination,  the  result 
arrived  at  was  that  the  fish  probably  died  from  "  more  or  less  para- 
sitic Algsd." 

X.  Miscellaneous  causes  of  general  death  of  Fishes  and  Molluscs. 

1.  As  in  small  aquariums,  so  in  ponds,  when  the  proper  equilibrium 
of  living  and  dead  organisms  is  disturbed,  and  the  vegetation  fails  to 
use  up  the  escaping  carbonic  acid,  the  animals  of  all  sorts  die  and 
add  to  the  black  mud  and  noxious  gases  of  decomposition.  Such  a 
result  occurred  in  a  piece  of  water  at  Claremont,  in  Surrey,  the  late 
Professor  Ten  nan  t  informed  me. 

2.  "The  occasional  outbreak  of  a  ferruginous  spring  from  coal- 
workings  will  kill  the  river-fish  for  miles  "  (Geol.  Mag.  Vol.  IX. 
p.  339,  August,  1872). 

3.  We  know  that  sewerage,  limewater,  and  purposed  poisons  kill 
river-fish  to  a  great  extent.  In  hot  countries  poisonous  trees  and 
herbage  fallen  into  water  have  been  said  to  kill  fish. 

4.  Lightning  as  a  desti*uctive  agent.     *'  That  fish  are  stunned  in 
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the  water  there  is  Bufficient  proof.  In  1772  lightning  attaoked  the 
Eiver  Doubs,  near  Besan^on,  and  stunned  the  fish,  which  were 
floated  along  by  the  stream.  In  1670  a  lightning  flash  fell  on  the 
Lake  Zirknitz,  in  Austria ;  and  such  a  quantity  of  fish  almost 
immediately  floated  upon  the  surface  that  the  neighbouring  inhabit* 
ants  collected  twenty-eight  waggon -loads  for  manure"  {Chamben^^ 
Journal,  October  2,  1869,  p.  688). 

5.  Though  by  no  means  so  extensive  in  effect  as  any  natural 
explosion  of  volcanic  ashes,  steam,  and  noxious  gases,  yet  the 
operations  of  sub-marine  explosions,  by  torpedoes,  common  blasts, 
etc.,  have  analogous  effects ;  and  even  in  such  experiments  in  lakes 
and  rivers  the  workmen  look  out  for  the  dead  fish  remaining  near 
the  place  of  the  explosion. 

In  Nature,  November  26,  1874,  an  explosion  by  means  of  nitro- 
glycerine on  the  Oregon  coast  is  mentioned  by  Mr.  Chase,  who 
states  that  many  fish  were  killed  thereby,  and  others  were  taken  in 
a  stunned  state.  , 

XI.  Marine  life  surviving  in  freshwater  lakes. 

The  changes  that  take  place  in  a  local  fauna  and  flora  by  a  marine 
lagoon  being  cut  off  and  in  time  converted  into  a  freshwater  lake 
are  in  some  degree  analogous  to  the  more  sudden  and  extensive 
destruction  of  marine  life,  by  the  causes  above  mentioned  ;  but  many 
creatures  gradually  get  accustomed  to  new  conditions,  and  therefore 
the  whole  asseinbla<;e  is  not  swept  away  at  once.  Many  interesting 
notices  of  such  occurrences  have  been  made.  See  Nature,  vol.  i.  p. 
404;  vol.  xiii.  p.  107,  etc. 


III.— Notice   op   New   Fish   Remains   from   the   Blackband 
Ironstone  ob'  Borougu  Lee,  near  Edinburgh. — No.  III. 

By  Dr.  R.  H.  Traquair,  F.R.S.,  F.G.S. 

Selachii. 

Pleuracanihm  gracillimus,  n.sp. 

LENGTH  of  a  typical  spine  li  inches ;  greatest  diameter, 
"iV  inch.  The  spine  is  thickest  about  half  an  inch  from 
its  proximal  extremity,  towards  which  it  slightly  contracts,  while 
distally  it  tapers  to  a  fine  point;  its  contour  is  at  first  straight, 
then  becoming  gently  curved  backwards  towards  the  apex.  Trans- 
verse section  at  first  round,  but  near  the  middle  of  the  spine  a 
flattened  area  commences,  running  along  the  posterior  margin,  and  as 
this  is  followed  onwards,  a  delicate  median  ridge  appeal's,  and  is 
continued  to  the  apex.  Along  the  boundary,  on  each  side,  of  this 
posterior  area,  a  right  and  left  row  of  denticles  is  seen  extending 
from  the  apex  to  three-quarters  of  an  inch  from  the  base  :  they  thus 
Occupy  a  greater  extent  of  the  length  of  the  spine  than  the  area  in 
question.  These  denticles  are  about  38  on  each  side,  opposite, 
closely  set,  minute,  their  bases  compressed  and  proportionally  elon- 
gated, their  sharp,  conical  points  directed  obliquely  downwards. 
Surface  of  spine  striated  proximally  by  delicate  longitudinal  grooves, 
which  become  gradually  lost  towards  the   perfectly   smooth  apex. 
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As  nsnal,  a  rouDded  oentral  cavity  oommenoes  at  the  base  and 
eztendn  towards  the  apex. 

I  accept,  provisionallj,  Mr.  J.  W.  Davis's  amalgamation  of  the 
genera  Pleuracanthus  and  Orthacanthus,  Ag.,  the  fact  being  that  we 
have  as  yet  no  accurate  clue  to  the  genera  of  Carboniferous  Pleura" 
eanihidcB,  The  present  species  is  evidently  related,  in  its  general 
form,  to  PL  rohustus  and  dentictUaius  of  the  last-named  author,'  as 
well  as  to  0.  arcwUns  of  Newberry,'  though  differing  from  all  of 
them  in  the  delicate  adpressed  form  of  the  denticles.  My  collection 
contains  three  entire  specimens  and  many  fragments  of  this  very 
pretty  spine. 

Pleuracanthus  horridtdus,  n.sp. 

Length  of  the  most  perfect  specimen  which  has  occurred  1  inch, 
hut  the  completeness  of  its  base  is  doubtful ;  diameter,  iV  inch 
at  apparent  base;  contour  gently  arcuated,  tapering  to  a  fine 
point;  surface  tolerably  boldly  striated  for  rather  more  than 
half  the  length  of  the  spine,  then  becoming  smooth,  with  occasional 
elongated  punctures.  Posterior  or  concave  margin  set,  from  the 
apex  to  one-third  of  the  length  from  Che  base,  with  two  rows  of 
proportionally  large  and  prominent  sharp,  recurved  denticles.  Of 
these  there  are  eight  or  nine  on  each  side.  They  diminish  in  size 
towards  the  apex,  but  not  in  proportion  to  the  attennation  of  the  body 
of  the  spine,  so  that  distally  they  may  appear  as  long  as  the  spine  is 
thick.  These  two  rows  of  denticles  are  placed  so  close  together 
along  the  posterior  margin  of  the  spine,  that  when  a  specimen  is,  as 
is  usually  the  case,  seen  lying  on  its  side  on  the  matrix,  it  is  difficult 
to  conceive  that  there  is  more  than  one  row ;  nevertheless,  on  a 
portion  of  a  spine  which  has  started  off,  the  presence  of  two  rows  is 
proved  beyond  all  doubt,  tiie  denticles  of  each  row  alternating  with 
each  other. 

Tliis  formidable-looking  little  spine  bears  a  very  considerable 
resemblance  to  the  figure  given  by  Prof.  Newberry  of  Compsacanthus 
lavis,  Newb.,'  notwithstanding  the  obvious  specific  distinction  that 
in  the  latter  the  denticles  are  more  numerous,  and  diminish  regularly 
towards  the  apex  in  proportion  to  the  attenuation  of  the  diameter  of 
the  spine  itself.  Prof.  Newberry  states,  however,  that  in  C.  lavis 
there  is  only  one  row  of  denticles,  and  on  this  fact  he  has  founded 
the  genus  Compsacanthus.  The  existence  of  two  distinct  rows, 
however  closely  placed,  in  the  present  fossil,  necessitates  its  reference 
to  Pleuracanihus  (incl.  Orthacanthns) , 

Cynopodius  crenvlatvs,  Traq. 
Cynopodius  eremUatus^  Iraq.  Geol.  Mao.  Dec.  II.  Vol.  VIII.  p.  35. 

Besides  the  typical  and  most  abundant  form  of  this  strange 
spoon -shaped  body  which  I  described  in  a  previous  communication, 
specimens  not  unfrequently  occur  which  are  aberrant  in  their 
contour.     In  some  of  these,  while  the  general  shape  is  similar  to 

»  Quart.  Joum.  Geol.  Soc.  xxxvi.  1880,  pp.  330  and  334. 
«  Pal.  Ohio.  vol.  i.  p.  332,  pi.  40,  fig.  4. 
s  Pal.  Ohio,  Tol.  i.  p.  332,  pi.  40,  figs.  6,  6a. 
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that  of  the  ordinary  type,  the  radiating  grooves  and  marginal  crenn- 
lations  of  the  expanded  portion  are  wanting  or  obsolete,  while  tiie 
Burfaoe  is  also  deficient  in  the  usual  glossy  ganoine  layer,  and  is 
dull,  and  more  or  less  roughened  by  minute  pores  and  short  wavy 
grooves.  In  some  of  these  cases  the  expanded  portion  is  abruptly 
truncated.  There  is,  however,  no  ground  whatever  for  oonsidering 
that  any  of  these  varieties  in  form  are  indicative  of  specific  difference. 
Cynopodius  crenulatue,  besides  occurring  in  the  Borough  Lee 
Ironstone  (Carboniferous  Limestone  series),  is  found  also  in  the 
underlying  Calciferous  Sandstone  series  of  the  Edinburgh  district, 
as  at  Straiton  Brick  work  (Mr.  J.  Gibson),  Straiton  Old  Shale  works 
(coll.  of  the  author),  Inchkeith  (Mr.  James  Gktiil),  Pitcorthy  Shale 
works  (Mus.  Sc.  and  Art  Edinb.). 

Gyracanthus  farmoitu,  Ag. 

The  opinion  that  Gyracanthue  formosus  and  tvbereulaius  of  Agassiz 
are  not  specifically  distinct  from  each  other,  having  been  expressed 
by  more  than  one  author,  and  I  myself  not  having  any  particular 
reason  for  dissenting  from  that  view,  I  catalogued  the  Gyrcuxtniku 
spines,  which  are  of  such  frequent  occurrence  in  the  Borough  Lee 
Ironstone,  as  G.  tuberculatus,  in  the  list  prefixed  to  my  first  paper  on 
the  fish  remains  of  this  bed.  But  whether  the  specific  identity  of 
these  two  forms  be  accepted  or  not,  it  seems  to  me,  on  reflection, 
necessary  to  preserve  the  name /ormostK,  as  it  certainly  occurs  first 
in  Agassiz's  list,  and  may  therefore  claim  priority. 

It  has  long  ago  been  pointed  out  that  many  at  least  of  the  spines 
of  Gyracanthus  were  in  all  probability  pectoral  in  their  nature,  by 
reason  of  their  marked  lateral  curvature,  and  the  frequency  with 
which  their  extremities  are  found  to  be  rubbed  and  abraded,  as  if 
they  had  been  dragged  along  the  bottom  by  a  habitually  ground- 
dwelling  fish.'  Messrs.  Hancock  and  Attliey,  however,  still  retained 
as  probably  dorsal  a  number  of  spines  in  which  no  lateral  curvature 
is  observable. 

But  Agassiz  himself  had  already  noticed  another  important  cir- 
cumstance connected  with  the  want  of  lateral  symmetry  in  Gyra- 
canthus  fonnoHUS.  He  says,  "  Leur  coup  est  irreguliere.  Tun 
des  cotes  etant  un  pen  plus  renfle  que  Tautre."  *  This  asymmetry  of 
form  is  well  marked  in  the  Borough  Lee  specimens.  Along  the 
anterior  aspect  nms  a  line  from  which  the  ornamental  ridges  diverge, 
along  the  posterior  is  a  keel  or  ridge  set  with  small,  closely  placed, 
recurved  denticles,  and  ending  on  one  side  of  the  extensive  basal 
excavation.  The  lateral  distance  between  these  two  lines  is  greater 
on  one  side  than  on  the  other,  so  that,  in  transverse  section,  one  side 
is  seen  to  be  more  gibbous,  the  other  narrower  and  flatter :  more- 
over, on  the  gibbous  side  a  well-marked  shallow  longitudinal  exca- 
vation or  groove  runs  along  immediately  contiguous  to  the  denticu- 
lated ridge.  In  fjict,  this  groove  appears  to  correspond  to  the 
posterior  flattened  area  of  such  spines  as  Ctenacanthus,  but  set  on 

^  Hancock  and  Attliey,  in  Ann.  and  Mag.  Nat.  Hist.  (4)  vol.  i.  1868. 
*  roissoQs  Fossiles,  vol.  iii.  p.  18. 
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awry,  and  having  only  one  of  its  boundaries  prominent  and  dentica- 
lated.  It  is  also  to  be  noted  that  the  grooved  and  gibbous  side  of 
the  spine  always  coincides  with  the  convexity,  the  narrow  and 
flattened  side  with  the  concavity  of  the  lateral  curve.  That  the 
spines  showing  this  remarkable  want  of  bilateml  symmetry  were 
paired  and  not  median,  there  cannot  be  the  smallest  doubt. 

Dipnoi. 

Oanoprtstodus  splendeM,  Traquair. 

OmoprUiodut  tpUndent^  Traq.  Gbol.  Mao.  Dec.  II.  1881,  Vol.  YIII.  p.  37. 

Since  my  first  paper  on  the  fish  remains  of  the  Borough  Lee 
Ironstone  appeared,  I  have  obtained  an  important  clue  to  the  nature 
of  the  fish  to  which  the  singular  dentigerous  fragments  belonged, 
which  I  then  distinguished  as  GanoprxBtodus  splendens.  From  these 
subsequent  finds  it  appears  that  Oanopriatodus  was  a  fish  closely 
allied  to,  and  possibly  generically  identical  vrith,  the  Uronemu$ 
lobatuSf  Ag.,  of  the  Burdiehouse  Limestone. 

The  first  specimen  to  be  noticed  is  a  mass  of  dislocated  cranial 
bones,  which  for  the  most  part,  unfortunately,  are  quite  unreadable. 
Lying  amongst  them,  however,  is  a  flat  plate,  evidently  palatal 
in  its  nature,  a  considerable  ai'ea  of  which  adjoining  the  outer  margin 
is  closely  covered  with  small  rounded  dental  tubercles,  by  which 
apparently  the  roof  of  the  mouth  was  roughened.  The  external 
gently  curved  margin  of  this  plate  displays  a  row  of  the  brilliantly 
ganoid,  laterally  compressed,  basally  confluent,  short  conical  teeth, 
characteristic  of  the  detached  fragments  first  noticed.  Of  the  other 
bones  it  may  be  observed  that  some,  which  evidently  belonged  to 
the  cranial  roof,  are  ornamented  externally  by  a  tolerably  fine 
reticulo-confluent  tuberculation,  having  no  trace  of  ganoine. 

Previous  to  the  occurrence  of  the  last  described  specimen,  my 
attention  had  been  drawn  to  fragments,  from  the  same  bed,  of  the 
body  of  a  fish  closely  resembling  Uronemua  in  being  covered  with 
thin  rounded  scales,  in  having  a  well-developed  internal  skeleton 
consisting  of  long  curved  ribs,  spinous  processes  and  interspinous 
bones,  but  no  vertebral  bodies,  and  in  the  tail  being  evidently 
pointed  and  diphycercal  with  continuous  dorso-  and  ano-caudal  fin. 
One  of  these  specimens  also  displays  a  portion  of  an  acutely  lobate 
ventral  fin,  with  central  scaly  axis  and  fringing  rays  on  each  side. 
And  lately  I  have  succeeded  in  obtaining  two  entire  specimens,  in 
which  this  Uronemus-like  body  lies  in  conjunction  with  the 
Ganopristodua  bead. 

The  more  instructive  of  these  two  specimens  is  about  12  inches  in 
length,  of  which  the  anterior  31^  inches  are  occupied  by  the  remains 
of  the  head.  The  head  is  cruBhed  vertically,  and  on  one  slab  is  seen 
the  impression  of  a  considerable  portion  of  the  cranial  roof,  composed 
of  polygonal  plates,  which,  as  shown  by  squeezes  in  wax,  exhibit 
the  same  reticulate-tubercular  ornamentation  seen  on  the  dislocated 
plates  already  mentioned.  On  the  right  side  is  seen  the  impression 
of  the  edge  of  the  mandible  with  the  characteristic  teeth,  and  on  the 
left  the  marginal  teeth  of  the  palatal  plate,  while  in  front,  in  the 
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region  of  the  snout,  are  seen  other  teeth  similar  in  form  hot  smaller 
in  size.  On  the  oounterpart,  the  impressions  of  both  palatal  plates 
are  seen  in  sitUy  each  with  its  marginal  row  of  large  teeth,  adjoining 
which  a  considerable  area  of  the  oral  surface  is  roughened  with  small 
rounded  tubercles,  as  already  seen  in  another  specimen.  The  two 
palatal  plates  are  seen  to  meet,  or  at  least  to  come  very  close  together, 
in  the  median  line  in  front  There  is  also  the  impression  of  a  large 
opercular  plate  ornamented  similarly  to  the  bones  of  the  cranial 
roof. 

The  commencement  of  the  dorso-caudal  fin  is  not  exhibited,  hat 
posteriorly  it  becomes,  like  that  of  Uronemus  and  PhaneropleuroHf  of 
pretty  conniderable  depth  before  it  declines  to  the  caudal  extremity. 
Its  rays  are  fine,  closely  set,  repeatedly  dichotomising  and  apparently, 
towards  their  extremities  at  least,  divided  by  tolerably  distant 
transverse  articulations.  Evidences  of  an  ano-caudal  of  similar 
structure  but  smaller  extent  are  also  visible  in  several  specimens, 
and  I  have  already  mentioned  the  distinct  presence,  in  at  least  one 
example,  of  an  acutely  lobate  ventral.  The  bones  of  the  internal 
skeleton  are  always  much  confused,  but  are  evidently  very  similar 
to  those  of  Uronemtis.  The  scales  are  very  thin,  oval  in  shape, 
sometimes  slightly  truncated  at  one  end,  and  of  considerable  propor- 
tional size,  sometimes  measuring  half  an  inch  in  length  by  one-eighth 
in  breadth :  externally  they  are  dull  and  smooth,  but  occasionally, 
especially  on  the  attached  surface,  they  display  delicate  concentric 
lines  crossed  by  still  finer  radiating  striae. 

A  careful  scrutiny  of  the  specimens  of  Uronemus  lobatus,  Ag.,  in  the 
Edinburgh  Museum,  reveals  the  fact  that  the  teeth  in  this  strange 
little  fish  are  very  similar  in  general  appearance  to  those  of  the 
Borough  Lee  Gnnoprtstodus,  being  in  the  form  of  low,  laterally 
compressed  cones,  confluent  at  their  bases  and  brilliantly  ganoid, 
and  taking  the  obvious  similarity  of  the  scales,  internal  skeleton, 
and  fins  also  into  account,  it  seems  very  possible  that  the  two  genera 
may  be  in  reality  identical.  Unfortunately,  besides  the  shape  of  the 
teeth,  hardlj^  anything  is  known  of  the  cranial  structure  of  UronemnSt 
and  consequently  I  am  inclined  for  the  present  to  retain  the  name 
Oanopristodus  for  the  Borough  Lee  fish.  I  may  mention  that  I  have 
seen  no  lateral  serrations  on  the  teeth  of  Uronemus,  but  these  are  not 
always  present  in  Ganoprtstodus. 

I  must  reserve  discussion  of  the  reasons  for  placing  both  Uronemus 
and  Ganoprtstodus  in  the  order  Dipnoi  for  another  occasion. 

Gamoidei. 
Strepsodus  striatulus,  n.sp. 

Teeth  ^  inch  to  i  inch  in  length,  compressed,  oval  in  transverse 
section,  incurved,  hardly  geniculated  at  the  apex,  base  with  re- 
latively coarse  plications,  llie  convex  (external)  margin  of  the 
tooth  is  quite  smooth,  the  smooth  area  encroaching  more  or  less  on 
the  sides  of  the  tooth  in  different  specimens.  The  concave  (intomal) 
aspect  of  the  tooth,  with  more  or  less  of  the  compressed  surfaces,  is 
ornamented  with  very  delicate,  closely  placed  subparallel  raised  strise, 
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which  follow  a  direotion  on  the  whole  similar  to  that  in  Strepaodua 
aauroides,  Binnej,  sp.,  that  is,  while  parallel  with  the  direction  of 
the  lower  part  of  the  tooth,  they  do  not  follow  the  apical  flexure,  hat 
pass  vertically  upwards  nearly  irrespective  of  it  till  cut  off  at  the 
external  smooth  marginal  area ;  these  striae  are  frequently  bifurcated 
and  intercalated. 

My  collection  contains  seven  of  these  peculiar  teeth,  which  differ 
lightly  among  themselves  as  to  the  degree  of  slenderness  of  their 
contour,  amount  of  compression  of  the  shaft,  and  extent  of  surface 
covered  by  strisB.  I  refer  them,  provisionally,  to  the  genus  Strepaodus 
on  account  of  the  pattern  of  their  striation,  and  their  compressed 
form,  but  they  differ  materially  from  the  teeth  of  S.  sauroidea  in 
the  apex  being  scarcely  geniculated  or  recurved,  and  also  in  the 
much  greater  fineness  of  the  strisa. 

Professor  Young,  in  his  description  of  8,  aauroidea,  speaks  of  the 
smooth  margin  of  the  tooth  as  ''anterior.*'  But  in  well-preserved 
jaws  of  that  species  it  may  easily  be  seen  that  the  great  curvature  of 
the  tooth  is  inwards,  not  backwards, — the  smooth  margin  is  therefore 
external. 

Moniehthya  peciinatu8f  Traq. 

Eloniehthys   peetinatus,  Traq.,    Proc.    R.   Soc.   Edin.    1876-1877,   p.  430;    and 
Proc.  R.  Phys.  Soc.  Edin.  1879,  pp.  113-128. 

This  magnificent  PalsBoniscid  was  originally  described  by  me  from 
rather  fragmentary  material  from  other  localities :  recently  I  have 
had  the  good  fortune  to  obtain  a  specimen  from  Borough  Lee,  which 
shows  the  contour  of  the  fish,  though  the  greater  part  of  the  head  is 
lost,  and  only  part  of  the  caudal  fin  remains.  The  total  length  of 
the  specimen,  as  it  now  exists,  is  16  inches.  There  can  be  no  doubt 
that  when  perfect  it  must  have  measured  at  least  2  feet ;  but  even 
this  is  small  when  compared  with  the  size  of  specimens  from  other 
localities,  whose  length  I  have  estimated,  from  their  fragments,  at 
from  3  to  4  feet.  The  depth  of  the  present  specimen,  in  front  of  the 
dorsal  fin,  is  4^  inches. 

The  scales  agree  in  every  respect  with  those  which  I  have 
previously  described  as  characteristic  of  the  species.  They  are  of 
moderate  size,  compared  with  the  dimensions  of  the  fish ;  the 
exposed  area  of  those  on  the  front  of  the  flank  being  about  J 
inch  in  height,  by  i  in  breadth.  The  great  interest  of  the  spe- 
cimen lies  in  the  view  which  it  affords  of  the  general  propor- 
tions of  the  fish,  and  the  form  and  disposition  of  the  fins.  The 
shape  is  somewhat  deeply  fusiform,  but  from  the  deficiency  at  both 
extremities,  fuller  details  as  to  proportions  are  impracticable.  The 
pectoral  fin  is  not  shown  in  its  entirety,  its  extremity  being  some- 
what crumpled  up,  though  it  is  clearly  seen  that  its  principal  rays 
were  unarticulated  for  about  one-third  of  their  length.  The  ventrals 
are  placed  midway  between  the  pectoral  and  anal,  and  are  composed 
of  numerous  rays,  divided  by  articulations,  which  are  at  first  distant 
enough  to  cause  the  joints  to  be  rather  longer  than  broad,  though 
distally,  where  the  rays  dichotomise,  they  become  closer.  Tlie 
dorsal  commences  opposite  the  middle  of  the  space  between  the 
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ventrals  and  anal,  and  is  of  considerable  size,  its  height  being  21- 
inches,  and  equal  to  the  extent  of  its  base ;  its  form  is  triangular, 
and  sharply  acuminate.  The  anal  fin  commences  opposite  the 
middle  of  the  base  of  the  dorsal,  and,  unlike  what  is  usually  the 
case  in  Elonichihys,  differs  decidedly  in  shape  from  the  last-named 
fin,  and  comes  to  resemble  the  anal  of  Pygopterus,  in  being  pro- 
longed backward  in  a  fringe-like  manner.  Anteriorly,  the  fin  is 
sharply  acuminate,  its  longest  rays  being  about  2  inches  in  length ; 
behind  the  apex  its  contour  rapidly  falls  away,  till  about  two  inches 
from  the  commencement  of  the  base  they  measure  only  half  an  inch ; 
thence  they  are  continued  as  a  narrow  fringe  for  2  inches  more,  the 
entire  length  of  the  base  of  the  fin  being  thus  4  inches,  or  twice  the 
depth  of  the  anterior  part  Only  a  small  part  of  the  caudal  is 
shown :  it  was  evidently  powerfully  heterocercaL  In  all  these  fins, 
the  rays  are  rather  fine  for  the  size  of  the  fish,  closely  articulated, 
and  exquisitely  sculptured  externally  by  oblique  ridges  and  grooves. 
The  marginal  fulcra  are  very  small  and  close. 

Gonatodus  parvidena,  n.sp. 

In  my  first  list  of  Borough  Lee  fish  remains  I  indicated  an  undeter- 
mined species  of  this  genus  as  *'  Gonatodus,  sp.,"  and  since  that  was 
published  an  accession  of  fresh  material  has  convinced  me  that  the 
species  is  new.  G.  parvidens,  of  which  I  hope  to  give  a  more 
detailed  description  afterwards,  resembles  G.  macrolepis,  Traq.,  pretty 
closely  in  its  form,  scales,  and  fins,  but  may  be  distinguished  both 
fi*om  the  latter  and  from  G.  punctatus,  Ag.,  by  the  remarkably  small 
size  of  the  maxillary  teeth,  which,  however,  still  retain  the  shape 
characteristic  of  the  genus. 

IV. — The    Fallacy   of   the    Theory   of   the   "Permanence   of 

Continents." 

By  J.  S.  Gardxek,  F.G.S. 

IT  is  rather  remarkable  that  the  Tlieory  of  the  Permanence 
of  Continents  and  Oceans  has  passed  so  comparatively  un- 
challen<:j;ed  by  geologists.  I  long  since  attempted  to  show  that 
Mr.  Wallace's  supposition  that  the  Chalk  was  a  shallow  and  littoral 
sea  deposit  was  untenable.  In  comparing  analyses  of  chalk,  as  he 
does,  with  Atlantic  ooze,  no  allowance  whatever  is  made  for  the  loss 
of  iron  from  the  body  of  the  chalk  by  crystallization,  nor  for  the 
segregation  of  silica  into  flints.  Tlie  Chalk  may  have  undergone  so 
great  a  change  in  addition,  since  its  upheaval  vast  ages  ago,  through 
the  removal  of  some  of  its  constituents  by  percolating  water,  that  com- 
parative analyses  can  only  be  of  value  when  these  losses  are  taken 
into  consideration.  The  total  absence  of  Globigerina,  and  almost  all 
the  Cretaceous  fossils  in  the  decomposed  coral  mud  of  Oahu,  to  which 
Mr.  Wallace  would  assimilate  our  chalk,  shows  that  they  could  not 
have  been  deposited  under  the  same  conditions  ;  whilst  the  dissolution 
from  the  chalk  of  all  its  mollusca  except  the  few  whose  shells  were 
phosphate  of  lime,  renders  any  inference  drawn  from  them  relatively 
untrustworthy,  seeing  that  so  many  of  the  latter  are  extinct  forms, 
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about  whose  habits  we  can  know  nothing.  The  Sponges,  Crinoids, 
and  Echinoderms,  as  well  as  the  microscopic  organisms  and  structure, 
show  the  chalk  to  have  been  an  oceanic  deposit,  uncontaminated 
with  sediments  from  land.  But  quite  apart  from  any  question 
about  the  Chalk,  there  are  many  considerations  which  militate 
against  his  views. 

The  inconvenient  presence  of  land-shells  on  the  most  remote 
islands  is  overcome  by  supposing  that  they  have  floated  across 
oceans  or  that  their  passage  has  been  due  to  some  fortuitous  chance 
during  the  great  length  of  time  they  have  existed ;  but  since  it  is 
well  known  that  islands  so  close  to  each  other  as  Madeira  and  the 
Desertas  and  Porto  Santo  have  each  species  peculiar  to  them,  a 
narrow  channel  in  the  former  case  sufficing  to  keep  them  isolated, 
we  can  hardly  admit  that  the  great  Bultmus  of  the  Antilles,  which 
with  its  eggs,  swarm  m  the  Bembridge  limestone  of  the  Isle  of 
Wight,  or  that  the  Texas  snail  of  Headon  Hill,  could  have  migrated 
across  the  Atlantic,  especially  in  company  with  an  entire  flora  of 
Central  American  plants  to  feed  upon.  To  account  for  the  presence 
of  South  American  plants  in  Australia,  they  have  to  be  taken  across 
the  Antarctic  continent,  which  there  is  no  ground  whatever  for 
supposing  was  ever  fitted  to  receive  them  even  in  Tertiary  times, 
and  across  thousands  of  miles  of  sea.  During  the  Eocenes  we  have 
distinct  migrations  of  plants  from  Australia  and  from  Central 
America  into  England,  and  a  migration  from  England  to  Greenland, 
and  thence  to  North  America.  British  Jurassic  types  are  still  pre- 
served on  islands  as  remote  as  Juan  Fernandez  and  nowhere  else, 
and  others  in  Borneo  and  New  Caledonia.  All  the  land  communica- 
tions required  to  have  existed  during  the  Tertiary  period  coincide 
with  banks  and  ridges,  with  islands  occasionally  rising  to  the  surface, 
which  cross  the  Atlantic  and  Pacific,  and  if  these  may  not  be 
supposed  to  be  either  rising  or  sinking  land,  what  may  they  be 
supposed  to  be  ? 

The  fact  relied  upon  that  old  rocks  are  rarely  met  with  on  Oceanic 
Islands,  is  simply  that  these  are  often  volcanic  or  coralline,  and  as 
we  cannot  see  through  the  crust  that  covers  them,  we  cannot  tell 
what  their  interior  may  be  composed  of.  Among  the  islands 
enumerated  in  which  old  rocks  do  occur,  the  Bahamas,  St.  Thomas, 
Falkland  Isles,  and  New  Caledonia  are  omitted,  though  these  are 
all  mapped  as  being  at  least  partially  formed  of  old  rock.  Without 
wishing  to  disturb  the  greatest  depths  of  the  ocean,  I  see  no  reason 
why  changes  of  level  exceeding  1000  fathoms  should  have  been 
physically  impossible  during  all  past  geological  time.  Theories 
demanding  the  least  amount  of  change  jar  least  with  popular  ideas, 
and  are  naturally  the  most  readily  accepted ;  but,  although  no  one 
would  wish  to  deny  that  Mr.  Wallace  is  able  to  explain  in  the  most 
convincing  manner  the  present  distribution  of  such  recently  evolu- 
tionized  beings  as  the  existing  species  of  birds  and  mammals, 
geologists  can  still  avail  themselves  of  submarine  ridges,  no  matter 
at  what  depth,  to  explain  the  interchange  of  species  in  the  past. 
After  long  reflecting  on  the  subject,  I  think  we  Txeod  iio\»  \i^^\\s^\.^  V^ 
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avail  onrselves  of  them  to  the  fallest  extent ;  and  I  decline  to  believe 
that  the  existing  or  even  the  Quaternary  distribation  of  birds  and 
mammals  throws  mnch  light  on  the  physical  geography  of  the  earth* 
when  birds  were  still  toothed,  and  even  the  primary  groups  of 
mammals  were  scarcely  differentiated. 


V. — ^WooDWARDiAK  Labobatoby  Notes,  N.  Wales  Rocks  m. 

By  E.  B.  Tawnbt,  M.A.,  F.G.S. 
{Continued  from  Vol.  VII.  1880,  p,  458.) 

AT  Penyrhiwan,  Clynnog,  in  the  middle  of  fields,  is  a  protruding 
boss  of  dark-coloured  rock  which  has  been  well  broken  into,  in 
order  apparently  to  see  whether  it  was  available  for  making  "  sets  " 
or  pitching  stones,  which  form  the  staple  trade  of  the  adjoining 
district.  Its  surface  is  well  rounded,  as  if  by  glaciation.  The  boss 
consists  of  at  least  three  varieties  of  rock.  Most  noticeable  is  a 
coarse-grained  homblendic  one  of  handsome  appearance,  the  glistening 
cleavage  planes  of  the  brown  hornblende  standing  out  from  the  re- 
maining green  actinolitio  portion.  A  second  variety  is  a  fine-grained 
greenstone,  which  is  separated  from  the  preceding  by  a  hard  definite 
line,  so  that  it  may  be  taken  to  be  of  the  nature  of  a  dyke  intruded 
into  it 

A  thin  slice  was  taken  at  the  contact  so  as  to  show  the  absolute 
junction.  In  the  coarse-grained  homblendic  rock  microscopic  ex- 
amination showed  that  felspar  was  almost  absent,  there  was  only  a 
verj'  little  decomposed  pseudomorph  that  could  be  put  down  to  this 
species.  The  rest  consisted  either  of  brown  hornblende  which 
passed  by  all  variations  into  green  actinolite  of  various  shades,  or 
decomposition  products  of  the  above,  chloritic  and  viridite  substances. 
Apatite  is  present  inclosed  in  hornblende.  Moreover,  some  secondary 
brown  mica  exists  pseudoraorphing  hornblende  appai*ently.  Tlie 
rock  to  the  unassisted  eye  is  very  mnch  like  one  collected  by 
Sedgwick  as  a  loose  block  under  Girn  Goch,  and  a  similar  rock  is 
much  used  in  the  walls.  That  described  however  by  Prof.  Bonney 
[CI.  15,  Sedgwick  Coll.],  Geological  Magazine,  Decade  II.  Vol.  VII. 
p.  457,  does  not  quite  agree  with  ours.  Our  slice  has  no  au<;ite, 
while  Sedgwick's  has  abundant  octagonal  sections  of  augite  showing 
its  cleavage. 

Possibly,  however,  both  have  come  from  the  same  spot,  for  there 
is  no  other  greenstone  rock  mapped  by  the  Geological  Survey  near 
here,  nor  have  we  been  able  to  find  any.  We  may  perhaps  assume 
that  the  rock  varies  in  different  portions,  sometimes  augite  being 
present,  sometimes  not.  The  present  case  taken  at  the  junction  may 
be  considered  therefore  a  hornblendic-diabase,  in  which  augite  hap- 
pens to  be  absent,  and  the  felspar  at  a  minimum. 

Tlie  dearth  of  felspar  gives  the  rock  an  outward  resemblance  to 
pikrite,  which  is  also  kept  up  by  the  dark  inclosures  which  break 
the  reflection  of  light  from  the  cleavage  planes  of  tho  hornblende,  but 
we  have  been  unable  to  determine  any  olivine  pseudomorph s  amon 
thesQ. 
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The  fine-grained  rock  at  the  immediate  junction  is  seen  to  be 
a  diabase.  The  plagioclase  prisms  are  set  mostly  parallel  to  the 
jnnction  £Eice,  and  are  much  decomposed ;  the  augite  is  entirely  so, 
only  tracts  of  viridite  represent  it ;  the  ground  is  darkened  by  the 
qoantity  of  magnetite  grains,  while  between  them  is  a  greenish-grey 
granular  substance,  probably  the  remains  of  decomposed  felspathio 
fiubstance  and  chlorite. 

The  third  variety  of  rock  is  a  medium-grained  diabase  with  some 
hornblende,  or  proterobase  as  some  might  call  it.  I  could  find  no 
hard  junction  between  it  and  the  coarse-grained  rock,  and  though 
such  may  be  hidden  among  the  furze,  it  seems  to  me  more  likely 
that  the  one  rock  passes  gradually  into  the  other ;  I  infer  this  from 
the  relative  position  of  the  two  kinds  at  their  outcrops  among  the 
vegetation. 

The  chief  constituents  are  augite  in  large  crystals  inclosing  felspar, 
etc.,  and  plagioclase ;  some  of  the  augite  is  quite  fresh,  but  there 
are  many  patches  and  aggregates  of  decomposition  products,  viridite, 
etc.,  which  must  be  put  down  to  it ;  the  plagioclase  is  also  very 
much  decomposed,  and  was  apparently  rich  in  lime  from  the  calca- 
reous look  of  its  products.  There  is  a  little  green  hornblende 
with  basal  sections  giving  the  characteristic  cleavage,  but  it  is  in  a 
minority.  Brown  mica  is  also  present  connected  with  ferric  stains 
and  other  decomposition  products :  whether  the  mica  is  in  an  in- 
cipient stage — just  forming,  or  whether  it  is  a  remnant  decomposing 
— I  am  not  sure.  The  ferric  stains  are  also  accompanied  with 
opaque  black  oxide  (ilraenite?). 

From  the  minute  quantity  of  hornblende  this  rock  seems  quite 
different  to  the  coarse-grained,  yet  it  is  quite  possible  that  there  are 
intermediate  passages  at  Penyrhiwan.  The  case  would  be  only 
similar  to  that  which  Dr.  E.  Reyer  of  Gratz  describes  (as  "  Scliliere  ") 
in  massive  eruptions.  We  may  mention  the  case  described  by  Prof. 
Greikie  of  pikrite  passing  into  diabase  at  Blackburn  near  Bathgate 
(Tmns.  R.  Soc.  Edinburgh,  vol.  xxix.  p.  607). 

The  Penyrhiwan  boss  is  apparently  protruded  through  the  Cam- 
brian shales,  the  exact  age  of  these  I  am  not  able  to  give,  not  having 
found  fossils. 

Cam  Boduan. — In  1878  I  had  the  advantage  of  accompanying  Dr. 
Hicks  when  he  collected  the  specimens  from  this  hill,  and  which 
were  determined  for  him  by  Prof.  Bonney  [Quart.  Journ.  Gaol.  Soc. 
vol.  XXXV.  p.  305],  as  a  quartz-felsite  or  quartz-porphyrite.  A 
quarry  a  few  hundred  yards  to  the  east,  but  also  on  the  south  side  of 
the  mountain,  visited  at  that  time,  yielded  us  a  rock  wjiich  on  exami- 
nation I  found  to  be  a  porphyrite.  As  Dr.  Hicks  seems  to  consider 
these  only  as  dykes,  since  the  hill  is  included  in  his  Arvonian  in  the 
sketch-map  [ibid,  p.  297],  I  felt  a  desire  to  examine  the  hill  more 
closely.  Accordingly  in  1880  I  collected  from  various  points  roimd 
the  hill,  and  also  from  the  summit 

We  will  describe  first  the  rock  of  the  quarry  a  few  hundred  feet 
east  of  the  turnpike  on  the  south  side  of  the  hill.  In  the  hand  specimen 
it  is  a  black  glistening  rock  with  small  separate  felspar  crystals. 
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Under  the  microscope  the  felspar  is  found  to  be  all  plagioclase  fairlj 
clear  and  fresh,  the  extinction  angle  on  either  side  of  the  twin  face 
being  small,  points  to  their  being  oligoclase.  The  ground  contains 
some  glassy  base  in  interstices,  but  is  made  up  chiefly  of  plagioclase 
microlites  with  calcareous  patches  of  decomposition,  and  a  crowd  of 
magnetite  particles,  giving  doubtless  the  dark  colour  to  the  rock. 
Separate  crystals  of  green  hornblende  are  fairly  numerous,  and  with 
them  are  a  few  crystals  of  augite.  Largish  crystals  of  black  oxide 
of  iron  (ilmenite  ?)  are  often  connected  with  the  hornblende ;  apa- 
tite, which  is  abundant,  is  usually  in  the  same  connexion.  This  is 
a  freshly-preserved  porphyrite  with  andesitic  structure.  Wliile  the 
rock  at  one  side  of  the  quarry  is  nearly  black,  at  the  other  side  may 
be  found  a  pale  greenish  variety  in  which  are  occasional  segregations 
of  crystalline  calcite  up  to  an  inch  in  diameter.  It  is,  however,  only 
the  same  rock  weathered.  A  slice  off  a  specimen  in  the  Sedgwick 
Collection  [P.  o9]  is  to  be  referred  here.  Its  felspars  are  nearly 
entirely  decomposed,  the  hornblende  has  disappeared,  as  ha^'e  also 
the  small  felspar  prisms  of  the  ground,  their  place  being  taken  by 
nuclei  or  patches  of  crystalline  calcite  sho^ving  cleavage  and  twin- 
ning ;  the  ground  is  largely  occupied  by  a  greyish-brown  granulated 
material,  which  runs  together  into  most  involved  forms ;  under  high 
powers  it  is  seen  to  bo  not  opaque,  but  to  polarize  very  feebly,  pro- 
bably several  decomposition  products  enter  into  its  constitution- 
Very  minute  grains  and  nests  of  secondary  quartz  lie  in  its  folds. 
Apatite  alone  remains  unchanged. 

Another  example  collected  by  me  shows  an  intermediate  stage  of 
decomposition,  and  serves  to  explain  the  great  change  wrought  in  tlio 
arran<^enient  of  the  rock  l)y  decomposition.  It  would  have  been 
impossible  to  deterniiue  the  extreme  case  unless  it  had  been  recog- 
nized as  coming  from  this  quarry,  in  which  all  stages  are  fonml. 
This  porj)hyrite  may  be  found  to  extend  for  some  hundred  yarils  ia 
breadth.  Turning  to  other  parts  of  the  hill,  we  find  it  composed 
mostly  of  a  fine-grained  grey  rock,  not  so  dark  as  the  porphyrite 
of  tlie  quarry  just  mentioned ;  it  contains  minute  felspars ;  wlien 
weathered,  however,  it  becomes  a  brownish-grey,  more  or  less  speckled 
with  felspathic  portions  of  pale  ochrey  tint.  It  may  be  rec(^gnizi"A 
as  having  to  the  eye  tlie  same  characters  all  over  the  hill.  Examples 
of  it  from  various  points  were  submitted  to  microscopical  analysis, 
the  specimens  chosen  being  as  little  weathered  as  was  possible  to 
obtain. 

Carn  Boduan,  from  quarry  on  west  side  of  hill  by  the  encircling 
wall. — This  is  a  fine-grained  rock,  quite  compact-looking,  of  a  more 
greenish-grey  tint  than  usual.  Under  the  microscope  it  is  seen  to 
be  much  decomposed,  the  larger  felspars  almost  entirely  converted 
to  aggregates  of  variegatedly  polarizing  particles.  The  ground  has 
the  same  structure  as  that  of  the  first-mentioned  quarry,  consisting 
of  microprisms  of  elongated  form,  their  long  axes  here  being  often 
parallel ;  they  are  less  decomposed  than  the  larger  ones,  and  ex- 
tinguish in  a  way  which  proves  their  triclinic  nature ;  some  of  their 
outlines  are,  however,  merged  into  decomposing  material,   though 
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enoQgh  remains  to  show  their  general  fluidal  arrangement.  There 
is  similarly  amorphous  base  between  the  crystals,  partly  globuliti- 
cally  devitrified.  Calcite  aggregates  and  scattered  specks  are  distri- 
buted through  the  ground,  and  permeate  the  felspars.  Of  horn- 
blende there  is  nothing  left  but  small  shapeless  patches  of  chloritic 
materiaL  Magnetite  grains  occur  throughout  the  ground.  This 
rock  is  evidently  a  porphyrite  of  the  same  type  and  composition  as 
the  blacker  one  above  described. 

Carn  Boduan,  from  the  base  on  south  side  near  the  turnpike. — 
The  rock  here  is  a  fine-grained  grey  rock  weathering  brownish -grey. 
This  is  from  the  same  spot  as  Dr.  Hicks's  specimen  [Q.J.G.S.  vol. 
XXXV.  p.  305],  collected  in  1878.  It  is  somewhat  less  decomposed  than 
the  last,  but  has  much  the  same  structure.  The  ground  is  micro- 
crystalline,  with  interstitial  glassy  base;  it  consists  of  plngioclase 
microprisms,  the  extinction  on  each  side  of  the  twin  boundary 
measured  in  some  cases  as  3^-4^ ;  the  parallel  arrangement  is  not 
so  marked  as  in  the  last  case.  The  microprisms  preserve  their 
twinning  better  than  the  lai-ger  plagioclase  crystals,  which  are 
partly  changing  into  calcite  by  patches,  in  which  cleavage  is  some- 
times developed.  There  are  also  aggregates  of  calcite  in  the  ground. 
No  hornblende  has  escaped  decomposition;  some  chloritic  patches 
beset  with  magnetite  indicate  its  existence,  but  generally  the  viridite 
or  chloritic  matter  shows  no  definite  shape,  and  is  almost  apolar. 
Magnetite  grains  as  in  the  other  cases. 

The  rock  at  the  summit  of  Carn  Boduan  has  the  same  appear- 
ance as  that  at  the  base,  being  a  fine-grained  grey  rock  woathering 
brownish-grey.  I  found  it  at  the  summit  inclosing  a  dark  black- 
grey  piece  of  a  different  rock,  looking  like  a  piece  of  shale  which 
had  been  converted  into  a  sort  of  lydianite.  This  specimen  was 
sliced  and  examined  with  the  microscope.  Its  outline  is  sharp  such 
as  an  inclosure  would  have. 

Under  high  powers  the  numerous  closely-crowded  brown  particles, 
which  look  half  opaque,  are  broken  up  into  aggregates  of  yellow 
scales  which  seem  to  be  epidote,  together  with  black-brown  grains, 
which  are  magnetite  cheuiging  into  a  higher  state  of  oxidation  ; 
between  are  very  minute  grains  of  quartz.  There  are  also  some 
angular  brown  dichroic  scales  about  -^  mm.  which  seem  to  be  mica. 
The  square  magnetite  grains  and  the  rounded  yellow  scales  are  from 
•s-Jtt  mm.  to  a  little  over  t-Jo-  mm.  on  an  average.  Under  a  power  of 
50  diameters,  in  which  these  details  are  not  to  be  seen,  numerous 
groups  of  epidote  crystals  are  seen  scattered  through  the  rock,  and 
also  minute  garnets  of  about  tV  i^am. ;  there  are  also  smaller  garnets 
visible  with  high  powers,  so  that  they  in  size  vary  from  -^f  mm.  to 
T^  mm. ;  they  inclose  magnetite  particles.  It  seems  probable  that 
this  is  an  inclosed  fragment,  in  which  garnets,  etc.,  have  been  pro- 
duced by  the  contact-action  of  the  porphyrite. 

The  rock  immediately  inclosing  the  said  fragment  has  tlie  same 
microscopic  characters  as  that  from  previously  described  parts  of  the 
hill :  the  plagioclase  microprisms  are  here  set  parallel  to  the  line  of 
contact*    Much  secondary  epidote  is  developed,  this  and  viridite  are 
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scattered  throughout  the  ground,  but  none  of  the  original  horn- 
blende is  preserved. 

Hence  we  consider  the  whole  meiss  of  Cam  Boduan  to  consist  of 
grey  porphyrite.  The  principal  divisional  planes  of  the  rock  are 
nearly  vertical ;  this  is  well  seen  in  walking  over  the  hill,  or  even 
from  below  on  the  W.  side,  the  vegetation  finding  root  in  the  cracks 
accentuates  this  feature;  these  planes  strike  N.  25  K — 8.  25  W. 
Notwithstanding  its  being  opposed  to  Dr.  Hicks's  remarks  [/.c.  p.  299], 
I  must  advocate  a  return  to  the  view  of  the  Geological  Survey. 
There  is  every  appearance  of  the  mass  being  an  intrusive  rock  pro- 
tniding  through  Cambrian  shales,  which  are  seen  lying  at  a  steep 
angle  in  the  vicinity ;  I  could  not  find  an  actual  junction.  Plainly 
the  rock  is  not  metamorphic,  it  has  the  jointing  and  structure  of  an 
igneous  rock  throughout.  Microscopic  anal^'sis  applied  to  pieces 
from  various  parts  of  the  hill  confirms  this  view,  so  that  there  is 
every  appearance  of  its  being  an  intrusive  boss. 

I  pass  now  to  the  consideration  of  a  series  of  igneous  masses  which 
extend  with  more  or  less  interruption  from  Neviu  to  Clynnog.  Most 
of  these  are  included  by  Dr.  Hicks  among  his  Pre-Cambrian  series ; 
he  in  the  text  acknowledges  the  partial  intrusive  origin  of  one  of  the 
Yr  Eifl  hills  \lx.  p.  299]  on  receiving  Prof.  Bonney's  report  on  the 
rock  from  Trevor  quarries,  but  in  the  sketch-map  they  seem  included 
as  Arvonian.  It  seems  to  me,  however,  that  there  is  sufficient 
evidence  that  these  are  all  igneous  rocks  intruded  through  Cambrian 
shales  in  the  manner  delineated  on  the  map  of  the  Geological  Survey. 
These  rocks,  though  diversified  in  colour,  appearance,  and  grain, 
vary  chiefly  between  granite-porphyry  and  syenite-porphyry  to 
porphyrite  or  diorite.  Thoy  are  called  "  fels|)ar-porphyry  often 
syenitic  "  on  the  Survey  IMap  (and  sometimes  diorite  in  the  text), 
which  well  expresses  their  appearance. 

To  begin  with  the  mass  about  one  mile  N.E.  of  Clynnog  at  Cil  y 
Coed ;  this  is  a  quartz-felsite  of  pinkish-grey  colour,  with  some 
green  patches,  the  quartzites  more  numerous  than  the  felspar  crystals. 
Some  of  the  latter  are  seen  with  a  hand  lens  to  have  triclinic  twnnning. 
It  is  of  a  different  type  of  rock  to  the  following. 

Bwlch  Mawr,  a  hill  S.  of  Clynnog,  from  the  N.  side  of  the  hill 
below  the  summit. — The  ground  is  dark  grey,  and  looks  fine-grained 
to  tlie  e3-o ;  in  it  are  scattered  numerous  whitish  felspars  averaging 
about  -]  inch  in  diameter.  Even  a  hand  lens  shows  that  many  are 
plagioclase. 

The  microscope  confirms  the  fact  that  many  of  the  larger  felspars 
are  plagioclase,  and  from  the  predominance  of  crystals  with  a  small 
extinction  angle,  tliey  should  belong  to  the  oligoclase  group.  The 
ground  was  ajiparently  microcrystalline,  but  it  is  now  so  decomposed 
that  not  much  is  to  be  made  out.  Under  crossed  Nicols  there  are 
clearer  spaces  of  doubly  refracting  matter  rendered  turbid  l)y  fine 
dust,  and  darker  granulated  interstitial  matter  which  seems  almost 
optically  inert ;  a  few  nests  of  quartz  seem  due  to  secondary  action. 
Magnified  only  fifty  diameters,  part  of  the  ground  is  found  heaped 
together  to  form  dirty  grey  granulated  more  or  less  opaque  areas, 
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which  18  an  eflfect  of  decomposition.  Apatite  exists,  and  a  few  small 
crystals  of  secondary  epidote.  There  is  some  ilraenite  covered  with 
leuooxene.  If  any  bisilicate  existed,  it  has  decomposed.  The  effect 
of  decomposition  is  to  give  a  quite  different  appearance  under  the 
microscope  to  that  taken  from  the  top  of  the  hill.  Tlie  hand 
specimen  looked,  however,  fairly  fresh,  and  in  appearance  much 
like  the  rock  of  Gim  Dhn  quarries. 

(I  regret  that  we  are  unable  to  offer  any  chemical  analyses  of  these 
rocks,  but  in  our  present  locale  we  have  no  facilities  for  carrying 
out  sach.) 

{To  be  continued.) 

VI. — Traces  op  a  Great  Post-Glaoial  Flood. 

5.  Evidence  op  the  Marine  Dript. 

By  Henbt  H.  Howorth,  F.S.A. 

THERE  is  an  unfortunate  Nemesis  attaching  to  great  discoveries 
and  generalizations,  which  has  not  been  sufficiently  noticed. 
When  men  have  been  floundering  about  for  years  in  a  quagmire  of 
confusion  and  difficulty,  and  some  brilliant  pen  points  out  a  clear 
way  by  which  the  tangle  may  be  threaded,— a  way  which  is  so 
ingenious  and  simple  that  it  at  once  seizes  upon  the  current  scientific 
thought,  and  compels  the  adhesion  of  everybody, — it  inevitably  pro- 
duces a  period  of  stagnation  and  for  a  while  dwarfs  inquiry.  What 
is  so  pcdpably  true  and  simple  as  the  explanation  of  a  very  perplex- 
ing difficulty  is  taken  to  explain  all  the  difficulty,  and,  for  a  while  at 
all  events,  men's  energies  are  devoted  to  bringing  every  apparently 
al)errant  and  stubborn  fact  within  the  new  law  or  the  new  process ; 
and  every  effect,  however  remote,  is  traced  by  a  direct  way  or  by  a 
zigzag  to  the  prime  cause  which  has  proved  so  fruitful.  It  is  only 
after  an  interval,  when  men  have  digested  and  incorporated  the  new 
theory  into  their  daily  creed,  and  it  no  longer  overawes  them  by  its 
freshness,  that  they  are  in  a  mood  to  ask  soberly  whether,  after  all, 
too  much  has  not  been  demanded  from  one  cause, — whether,  after 
all,  the  intricate  and  far-fetched  explanations,  which  are  necessary  to 
connect  that  cause  with  effects  with  which  we  are  familiar,  is  not 
illegitimate, — and  whether  we  must  not  supplement  it  by  some  other 
<»use,  which  has  modified  and  altered  its  work,  if  we  are  to  solve  the 
whole  riddle.  A  very  admirable  concrete  example  of  the  matter  we 
are  discussing  may  be  found  in  the  Glacial  Theory.  When  the 
Glacial  Theory  was  proposed  by  Agassiz,  working  on  the  lines  of 
Playfair,  to  explain  the  rounded  and  polished  surfaces  we  find  in 
Scandinavia  and  Scotland,  the  striated  and  furrowed  rocks,  and  the 
vast  congeries  of  boulders  of  all  sizes  that  strew  the  surface  of 
Northern  Europe,  it  was  felt  that  one  of  those  critical  turns  had  been 
taken  in  Geology  which  enable  us  to  map  out  a  vast  and  complicated 
field  with  precision.  Since  this  turn  was  taken  it  is  surely  no 
•exaggeration  to  say  that  the  history  of  so-called  Quaternary  Geology 
has  been  the  history  of  the  efforts  made  to  explain  every  kind  of 
problem  presenting  itself  in  the  surface  deposits  of  Northern  Europe 
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by  reference  to  the  Glacial  Theory ;  and  the  time  has  come  when  the 
qaestion  may  fairly  be  asked,  whether  the  pendulum  has  not  swung 
a  great  deal  too  far  in  one  direction,  and  whether  the  position  of 
equilibiium  demanded  by  the  difficulties  of  the  hour  do  not  demand 
that  it  shall  swing  back  again  through  a  considerable  arc.  I  believe 
that  there  is  only  one  answer  to  this  question,  if  we  are  to  progress 
at  all.  Let  me  not  be  misunderstood.  I  do  not  wish  to  minimize 
the  forces  which  polished  and  rounded  the  surface  of  so  much  of 
Northern  Europe,  which  made  the  boulders  and  ground  the  clay. 
On  the  contrary,  I  believe  that  they  were  so  important  that  we  have 
a  great  deal  yet  to  leani  before  we  shall  appreciate  them.  But,  on 
the  other  hand,  I  cannot  approach  the  very  critical  difficulties 
presented  by  the  Northern  Drift,  and  its  associated  deposits,  bound 
hand  and  foot  to  a  theory  which  would  attribute  every  peculiarity 
in  the  distribution  and  contents  of  the  loose  deposits  of  Northern 
Europe  to  the  action  of  Glacial  forces;  forces  which  are  characterized 
by  results  only  explainable  when  we  treat  them  as  intensely 
destructive,  and  which  are  inconsistent  with  the  more  conservative 
results  wo  meet  with  in  various  directions.  The  conclusions  which 
follow,  and  which  seem  to  me  overwhelming,  are  dictated  by  a  study 
of  the  so-called  Glacial  Beds  themselves,  and  are  not  mere  inferences 
from  what  we  have  seen  reason  to  conclude  from  other  data ;  and  if 
they  agree  with  the  results  of  such  inference,  it  only  makes  the  case 
BO  much  stronger.  What  is  meant  by  and  involved  in  Glacial  con- 
ditions ?  When  we  speak  of  certain  beds  of  shells  being  glacial,  of 
certain  gravels  and  sands  being  glacial,  what  meaning  do  we  attach 
to  the  words?  The  Glacial  Period,  properly  so  called,  during  which 
the  mountains  of  Scandinavia  and  Finland,  of  Scotland  and  Wales, 
were  romnled  and  polished  and  striated,  during  which  the  vast 
streams  of  ])oulders  of  all  sizes  that  are  scattered  over  such  districts 
as  Finland  and  Snialand,  and  are  distributed  in  more  sporadic  fiisbiou 
over  a  vast  area  elsewhere,  were  rounded  and  grooved, — a  Glacial 
period  when  Ice  produced  results  of  tliis  kind,  and  on  this  scale,  can 
only  be  matched,  if  it  can  be  so  matched  at  all,  by  what  is  taking  place 
now  in  tlie  interior  of  Greenland,  or  in  the  basins  of  the  x\rctic  and 
Antarctic  seas,  where  gigantic  masses  of  ice  are  perpetually  present, 
grinding  and  denuding  the  surfaces  on  which  they  rest,  where  the 
whole  coast  is  lined  with  ice,  and  every  inlet  and  tiord  choked  with 
a  glacier — and  this  over  a  very  wide  area.  Such  a  state  of  things  is 
quite  inconsistent  with  long  stretches  of  beach  free  from  ice,  of  inlets 
60  free  that  the  most  delicate  and  fragile  shells  could  live  freely  on 
their  bottoms  and  along  their  sides, — is  quite  inconsistent  with  such 
a  state  of  things  as  prevails  now  in  the  seas  bathing  the  Shetlands, 
the  Orkneys,  the  Faroes  and  Iceland.  We  have  no  glacial  conditions 
at  all  in  these  areas,  nothing  approaching,  even  qualitatively,  what 
took  place  during  the  Glacial  Period  properly  so  called.  This  is  a 
very  important  fact  to  remember  in  the  discussion  which  follows. 
If  by  a  glacial  shell  is  meant  a  shell  now  thriving  in  that  part  of  the 
North  Atlantic  bounded  by  Iceland,  Norway  and  Caithness,  then 
I  say  such  a  description  is  a  complete  misnomer  and  most  misleading. 
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Just  as  misleading  as  to  apply  the  term  Glacial  period  to  a  period 
when  the  land  was  occupied  by  the  Fig  and  the  Hippopotamus,  and 
the  adjoining  rivers  by  the  Cyrena  fluminalis.  The  moUuscan  fauna 
of  the  Glacial  period  proper  must  be  sought  for  in  the  PalaK)ci*y8tic 
Sea,  and  not  in  the  always  open  North  Atlantic.  My  own  view  is 
that  when  the  Glacial  period  proper  was  current,  the  conditions  were 
such  as  to  make  life  virtually  impossible  in  the  districts  where  it 
prevailed,  and  to  drive  living  things,  both  animals  and  plants,  else- 
where. This  d  priori  view  is  amply  confirmed  by  the  geological 
evidence. 

Mr.  Crosskey,  in  the  Transactions  of  the  Glasgow  Geological  Society 
voL  ii.  p.  47,  speaking  of  the  section  at  Lochgilphead,  says,  ** Nothing 
can  be  more  striking  than  the  change  from  no  life  in  the  Bouklcr- 
clay  to  abundant  life  in  this  bed  (2,  the  shell-bed)  immediately 
on  if*  In  the  section  in  the  Kyles  of  Bute,  he  says,  ''Fossils  might 
appear  to  an  inexperienced  observer  to  be  in  the  Boulder-clay,  when 
they  really  occur  at  points  where  the  fossiliferous  bed  is  in  imme- 
diate contact  with  it"  {id.  p.  49).  Again,  one  of  the  conclusions  to 
which  he  calls  special  attention,  as  the  result  of  his  examiiiatiou  of 
the  beds  in  question  and  others,  is,  "  That  the  Boulder-clay  proper, 
at  the  base  of  the  series,  is  destitute  of  fossils.  A  number  of  cases 
in  which  fossils  were  said  to  occur  in  the  Boulder-clay  have  been 
examined,  and  it  has  been  found  that  they  were  either  beneath  it  or 
that  an  upperdrift  has  been  confounded  with  it"  (id.  p.  51).  Again, 
speaking  of  the  beds  at  Paisley,  Messrs.  Crosskey  and  Robertson  say, 
**In  the  Boulder-clay  itself  we  have  not  yet  succeeded  in  this 
neighbourhood  in  finding  any  signs  of  life"  (id.  vol.  iii.  p.  337). 
Speaking  of  these  same  Paisley  beds.  Dr.  Fraser  says,  "Underlying 
all  was  the  old  Boulder-clay  or  Till,  the  conditions  of  which  were 
altogether  unfavourable  to  life.  It  represented  a  cold,  bleak,  and  in 
part  tumultuary  period"  {id.  vol.  iv.  p.  178). 

I  select  these  passages  because  they  are  in  the  first  place  from 
writers  who  are  deservedly  esteemed  authorities  on  these  beds,  and 
secondly  because  they  refer  to  a  district  where  their  true  sequence 
and  history,  as  it  seems  to  me,  can  best  be  followed. 

Let  us  now  proceed.  When  the  glacial  conditions  proper  abated,  and 
a  condition  of  things  ensued  which  was  rather  that  of  the  seas  about 
Southern  Greenland  and  Iceland  than  of  the  Palroocrystic  Sea,  molluscs 
of  a  certain  type  no  doubt  invaded  the  more  suitable  waters.  Wo 
actually  find  in  Britain  and  in  Scandinavia  that  the  azoic  Boulder-clay 
proper  is  followed  by  beds  containing  Northern  forms  of  shells,  and 
that  as  we  trace  these  beds  upwards  we  gradually  meet  with  a  moUuscan 
fauna  of  a  more  and  more  temperate  character.  The  series  can  be  well 
studied,  as  has  been  shown  by  Mr.  Crosskey  and  his  colleague,  in  the 
Clyde  and  neighbouring  beds.  Tliis  position  is  so  well  accepted  now  as 
to  be  hardly  arguable,  and  is  well  stated  by  Mr.  Crosskey  in  the  follow- 
ing sentence,  "The  fossiliferous  clays  and  sands  belong  to  several  ages ; 
and  the  fauna  usually  catalogued  together  must  be  separated  into 
distinct  groups,  each  referable  to  its  own  bed,  and  having  its  own 
place  in  the  gradual  transition  from  a  severely  arctic  to  a  more 
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raoderato  temperature  "  (Trans.  Geol.  Soc.  of  Glasgow,  vol.  ii.  p.  51). 
I  am  tempted  to  quote  a  passage,  describing  the  condition  of  things 
when  life  first  crowded  the  previously  glacial  seas,  from  an  observer 
who  did  rare  work  as  an  explorer,  namely,  Dr.  Robert  Brown. 
Speaking  of  the  clay  now  forming  on  the  coasts  of  Greenland  by 
the  deposit  of  its  contents  by  the  subglacial  streams  in  the  open  sea, 
he  says,  **  In  this  claj^ey  bed  tlie  arctic  mollusca  and  other  marine 
animals  find  a  congenial  home,  and  burrow  into  it  in  great  numbers. 
However,  as  new  deposits  are  thrown  down,  they  keep  near  the 
surface  to  be  able  to  get  their  food  '*  (Physics  of  Arctic  Ice,  by  Brown, 
Joum.  Geol.  Soc.  vol.  xxvi.  pp.  682-3). 

The  feature  which  specially  characterizes  the  marine  fauna  of  the 
Polar  Seas  is  the  paucity  of  species  which  prevails  there.  Forbes 
long  ago  pointed  out  ''  that  a  deficiency  in  species  and  individuals 
of  the  testaceous  forms  of  mollusca  indicates,  to  the  marine  zoologist, 
tlie  probability  of  a  state  of  climate  colder  than  that  prevailing  in 
the  same  area  at  present"  **  Tlius,"  he  adds,  "  the  existing  fauna 
of  the  Arctic  Seas  includes  a  much  smaller  number  of  testaceous 
mollusca  than  those  of  the  Mid-European  seas,  and  the  number  of 
testacca  in  the  latter  is  much  less  than  in  the  South-European  and 
Mediterranean  regions.  It  is  not  the  latitude  but  the  temperature 
which  determines  these  differences"  (Forbes,  Mem.  Geol.  Survey, 
vol.  i.  p.  367).  There  can  be  no  doubt  that  the  general  evidence  goes 
to  show  that  the  marine  climate  was  colder  during  the  deposition  of 
the  immediately  Post-Glacial  beds  than  it  is  now ;  but,  as  we  shall 
show  presently,  this  has  been  much  exaggerated  and  misunderstood. 

Everyl)Oily  will  admit  tliat  the  Memoir  just  quoted  was  one  of  the 
most  remarkable  and  suggestive  which  was  ever  published,  and  that 
it  marks  a  great  epoch  in  i>ala?ontoh)gical  and  biological  generaliza- 
tion. Tlio  greater  portion  of  this  Memoir,  as  is  well  known,  is 
taken  up  witli  an  examination  of  the  molluscan  remains  found 
in  the  various  drift  deposits  of  the  northern  part  of  Great  Britaiu, 
which  Forbes  assigns  to  the  Glacial  epoch,  speaking  of  the  waters 
in  wliich  they  lived  as  the  Glacial  Sea,  and  of  themselves  as  Glacial 
Testacea.  Forbes  defines  what  he  means  very  explicitly.  He  says: 
**  By  Glacial  epoch  I  intend  to  express  that  section  of  geological 
time  which  was  typically  distinguished  by  tho  prevalence  of  severe 
cliniatal  conditions  through  a  great  part  of  the  Northern  hemisphere, 
and  during  which  those  marine  accumulations,  in  part  truly  sedi- 
mentary deposits,  which  have  been  called  Northern  Drift,  were 
formed.  I  have  selected  tho  word  *  Glacial '  in  order  to  remind 
geologists  of  the  ice-charged  condition  of  our  seas  duiing  that  epoch, 
c^mditions  which  probably  did  not  2)revail  during  its  earlier  stage, 
and  the  gradual  disappearance  of  which  marked  its  conclusion" 
{op.  cit.  pp.  402  and  4:03). 

It  is  a  bold  thing  to  (piestion  the  position  of  such  a  conchologist 
as  Edward  Forbes,  and  it  would  be  a  practically  hopeless  one  if  he 
and  those  who  agreed  with  him  did  not  virtually  furnish  us  with 
weapons  out  of  their  own  mouths.  The  whole  point  that  I  wish 
to  raise  is  as  to  the  connotation  of  the  term  Glacial  as  used  by 
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Forbes  and  his  snooessors.  Do  they  mean  a  sea  choked  with  ioe, 
where  all  the  fiords  and  coasts  were  lined  with  ice ;  or  do  they  mean 
merely  an  open  sea,  where  the  climate  was  generally  colder  than 
that  in  St.  George's  Channel  and  the  North  Sea  at  this  moment,  and 
corresponding  rather  to  the  seas  on  the  coasts  of  Northern  America 
and  Scandinavia?  If  the  former, — and  certainly  the  former  is  the 
meaning  of  the  term  Glacial  Sea  in  the  mouths  of  seveml  of  his 
followers, — it  seems  to  me  that  the  facts  are  overwhelming  against 
the  position.  If  the  latter,  there  is  no  quarrel  of  any  kind ;  for  the 
position  is  apparently  impregnable. 

Forbes  professes  to  tabulate  the  results  of  the  examination  of  the  so- 
called  Glacial  marine  drifts  up  to  the  moment  when  he  wrote,  as  they 
occur  in  North  Wales,  Cheshire,  Lancashire,  the  Isle  of  Man,  the  Valley 
of  the  Clyde,  and  Caithness,  and  he  tells  us  the  number  of  shells 
known  up  to  that  time  was  about  124^.  "  With  few  exceptions,"  he 
adds,  ''  they  are  all  forms  now  existing  in  the  British  sens."  It  is 
most  pertinent  and  interesting  to  quote  his  tabulated  results  of  the 
examination  of  these  shells.     He  divides  them  into  six  classes. 

First,  species  now  living  throughout  the  Celtic  region  in  commoa 
with  the  Northern  seas,  and  scarcely  ranging  south  of  the  British 
seas.  Of  these  he  enumerates  twenty-five  species.  Secondly,  species 
which  range  far  south  into  the  Lusitanian  and  Mediterranonu 
regions,  but  which  are  most  prolific  in  the  Celtic  and  Northern  seas. 
Of  theee  he  enumerates  twenty-four  kinds.  Thirdly,  species  still 
existing  in  the  British  seas,  but  confined  to  the  northern  portion  of 
them,  and  mostly  increasing  in  abundance  of  individuals  as  they 
approach  the  Arctic  circle.  Of  these  he  gives  fourteen.  Fourthly, 
species  now  known,  living,  only  in  European  seas  north  of  Britain, 
or  in  the  seas  of  Greenland  or  Boreal  America.  Of  these  ho  gives 
sixteen  species.  Fifthly,  species  not  now  known  existing,  and 
unknown  fossil  in  previous  deposits,  six  species.  Sixthly,  species, 
fossil  in  the  Coralline  or  Ked  Crag,  but  still  existing  in  the  South- 
European,  though  not  in  the  British  seas.  Seventhly,  extinct  species^ 
fossil  also  in  the  Crag. 

If  we  exclude  classes  5,  6,  and  7,  as  containing  unknown  factors, 
what  is  the  result  of  this  tabulation  ?  That  sixty-three  species  are 
found  still  living  in  the  British  Seas  in  our  very  temi>orate  climate, 
and  only  sixteen  are  confined  to  the  European  Seas  north  of  Britain, 
or  the  seas  of  Greenland  and  Boreal  America.  Surely  this  is  suspicious 
evidence  upon  which  to  found  a  postulate  that  these  shells  lived 
under  glacial  conditions  only.  But  let  us  examine  these  16  species 
somewhat  more  closely. 

I.  Mr.  J.  Gwyn  Jeffreys  gives  Aatarte  mtdtucostata  as  a  more 
synonym  for  Astarie  compressa,  which  shell  in  its  typical  form 
he  tells  us  occurs  off  Scarborough  and  off  Mull,  wliilo  of  its 
three  varieties.  A,  glohosa  is  common  off  Skye.  and  the  coasts  of 
Argyle  and  Ross  and  East  of  Shetland ;  A.  striata  is  plentiful  on 
the  coasts  of  Yorkshire,  Northumberland  and  Durham,  tho  Firth  of 
Forth,  the  West  of  Scotland,  and  the  outer  Hebrides ;  while  A,  nana 
is  found  15  miles  N.W.  of  Mull.    And  of  the  species  in  general  ho 
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says :  "  A.  compreasa  and  particularly  the  variety  striata  is  exten- 
sively distributed  throughout  the  North  Atlantic  from  Spitzbergen 
and  the  White  Sea  to  the  Cattegat,  as  well  as  on  the  north-eastern 
coasts  of  America  "  *  (British  Conchology,  vol.  ii.  p.  316). 

II.  Leda  rostrata. — Forbes  gives  this  as  a  synonym  of  the  Nueula 
ohlonga  of  Brown  (op.  cit.  p.  419),  which  Jeffreys  again  says  is  the 
same  as  the  Leda  pemula  of  Miiller,  and  tells  us  he  dredged  a  young 
live  specimen  and  a  small  single  valve  of  the  shell  in  80  fathoms 
off  the  Shetland  coast ;  single  valves  not  living  have  also  occurred  in 
Loch  Duich,  in  Ross-shiro,  and  St.  Magnus  Bay,  on  the  west  coast  of 
Shetland  (Jeffreys,  op»  cit,  vol.  ii.  p.  158,  and  vol.  v.  pp.  173  and  174). 

III.  Leda  hyperhorea. — Is  not  referred  to  in  Forbes's  detailed  list 
of  glacial  shells,  nor  do  I  know  what  species  is  meant  by  it. 

IV.  Tellina  GroenlandioB, — Sara  deems  it  a  mere  variety  of  TelUna 
halthicay  whose  wide  distribution  over  the  seas  of  Northern  Europe 
is  well  known.  The  variety  Grcenlandtca  is  now  found  living  in  the 
Gulf  of  St.  Lawrence  (Forbes,  op.  cit,  p.  411). 

V.  Tellina  calcaria, — Jeffreys  says  this  shell  is  found  on  the 
Danish  coasts  of  the  Baltic,  and  northward  as  far  as  Spitzbergen,  as 
well  as  on  the  shores  of  Asia  and  America,  from  Behring's  Straits  to 
Massachusetts  (op.  cit.  vol.  ii.  p.  890).  In  a  later  volume  he  adds  that 
a  lino  perfect  and  fresh  but  dead  specimen  of  it  was  dredged  by  the 
late  Dr.  Moller  off  Fan  Isle,  between  the  Orkue^^s  and  Shetlands, 
while  he  himself  got  a  valve  in  the  same  condition  on  the  west 
coast  of  Scotland  (id,  vol.  v.  p.  187). 

VI.  Mya  (ruucataf  var.  /S  Uddevallensis. — This  is  the  more 
northern  variety  of  the  ordinary  Mya  iruncata.  The  normal  form 
has  been  dredged  on  the  Dogger  Bank  and  in  Shetland  and  the  Bay 
of  Biscay.  I  am  not  aware  that  the  variety  Uddevallensis  has 
occurred  in  our  seas,  but  Jeffreys  8a3's  ho  dredged  an  intermediate 
form  in  Dourievoe  in  Shetland  (op.  cit.  vol.  iii.  p.  70). 

VII.  Saxicava  sulcata. — There  is  much  doubt  whether  this  species 
be  now  living  at  all  (see  Forbes,  op.  cit.  p.  410). 

VIII.  Pecten  Islandicus. — This  shell  is  found  living  on  the  Nor- 
wegian coast  from  Finmark  to  Bergen,  and  has  been  dredged  in 
a  semi-fossil  state  in  the  Gulf  of  Naples  (Jeffreys,  vol.  v.  p.  166), 
where  assuredly  a  Glacial  Sea  properly  so  called  is  most  improbable. 

IX.  Terehratnla  psittacea. — This  is  the  Rhynchonella  psittacca  of 
other  writers.  It  occurs  living  in  Finmark  as  far  south  as  Tromso, 
but  valves  of  it  have  been  on  several  occasions  dredged  in  the 
British  seas  (Jeffreys,  vol.  ii.  p.  23,  vol.  v.  p.  164 ;  Forbes,  op.  cit 
p.  40G).  Forbes  gives  it  as  from  the  seas  of  Newfoundland,  Labrador, 
Greenland  and  Norway. 

X.  Fusus  cinereus. — This  shell  has  been  described  from  the 
coasts  of  the  United  States  (Forbes,  op.  cit,  p.  425). 

XI.  Fusiis  scalar  if  or  mi  8. — A  synonym  for  Troplion  clathratus, 
Jeffreys  tells  us  it  inhabits  Spitzbergen,  Iceland,  Norway  and  the 
Faroe  Islands,  and  the  coasts  of  Northern  Asia  southwards  to  Japan, 

^  Ris<>o  has  recrrled  it,  "under  the  name  of  Cyprin  i  Montaguiy  as  fossil  in  the 
**  terrains  diluviens  "  at  Nice. 
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as  well  as  Greenland  and  the  Eastern  and  Western  coasts  of  North 
America  (Jeflfrejs,  op,  ciL  vol.  iv.  p.  321). 

XII.  Ftuus  Fahricii, — Jeflfreys  only  gives  Greenland  and  the 
White  Sea  as  the  habitat  of  this  shell  (op.  ciL  voL  iv.  p.  822). 

XIII.  Liitorina  ezpansa. — This  is  apparently  the  Turbo  expanstis 
of  other  writers,  and  the  only  habitat  I  can  find  for  it  is  that  given 
by  Forbes  as  Arctio  Seas,  and  coasts  of  America. 

XIV.  Margarita  inflata, — The  Turbo  inflatus  and  Turbo  Gr<£nlan» 
dieus  of  other  writers.  It  lives,  says  Jeffreys,  in  every  part  of  the 
Arctic  Ocean,  and  on  the  coasts  of  the  White  Sea,  Scandinavia, 
Iceland,  Canada,  and  the  States  of  Maine  and  Massachusetts,  and  he 
mentions  also  its  occurrence  as  local,  but  not  uncommon,  about  the 
West  of  Scotland,  the  Orkneys  and  Shetlands,  in  Dunnet  Bay, 
Caithness,  eta  (op.  eit.  vol.  iii.  p.  299). 

XY.  Velutina  undata. — ^This  shell  occurs  in  the  seas  of  Boreal 
America  (Forbes,  p.  422). 

XYI.  Natica  elausa. — This  shell  occurs  in  Scandinavia  as  far 
south  as  the  Christianiafiord  *  (Jeffreys,  vol.  iv.  p.  229). 

This  examination  is  assuredly  very  impressive.  Of  the  various 
shells  enumerated  by  Forbes  and  others  as  proving  glacial  conditions 
to  have  surrounded  them  when  alive,  there  is  hardly  one  which  is 
not  still  living  in  the  North  Atlantic  at  the  present  moment  under 
conditions  completely  different  to  those  we  describe  as  glacial.  No 
doubt  these  shells  do  live  and  thrive  in  very  high  latitudes,  and 
doubtless  also  have  their  focus  there  at  this  moment ;  but  it  is  no  less 
true  that  they  extend  down  into  the  temperate  regions  of  our  own 
seas  and  those  of  the  United  States  and  of  Southern  Scandinavia.  If 
the  whole  of  the  mollusca  of  the  beds  we  are  dealing  with  belonged 
to  the  same  facies,  we  should  be  bound  no  doubt  to  conclude  that 
the  conditions  of  South  Greenland  or  of  Iceland  prevailed  here  when 
these  shells  were  living;  but  the  fact  is  this  class  forms  a  small 
proportion  of  the  whole.  Here  we  must  at  once  say  that  Forbes's 
method  of  tabulating  the  results  of  his  examination  of  all  the  beds 
together  will  no  longer  be  deemed  satisfactory.  We  have  now 
the  clearest  evidence  both  in  Scandinavia  and  in  Britain  that  some 
of  the  beds  have  a  much  more  arctic  facies  than  others.  We  have 
in  both  areas  beds  which  apparently  represent  the  old  sea-bottom 
of  mud  or  sand  with  the  shells  still  remaining  tn  situ,  bivalves 
standing  erect  with  both  valves  intact,  and  with  all  the  appearance 
of  being  undisturbed.  These  are  the  lower  beds.  For  the  most 
party  so  far  as  I  know,  they  occur  at  low  levels  and  are  characterized 
largely  by  shells  of  an  arctic  type. 

(To  be  continued.) 

VII. — ^The  Permian  and  Trias — ^Bejoindbb  to  Prop.  Hull. 

By  Rev.  A.  Irving,  B.A.,  B.Sc,  F.G.8.; 
of  Wellington  College. 

PROFESSOR  HULL'S  criticisms  (pp.  491-5  of  this  volume)  on 
a  former  paper  of  mine  on  the  "  Classification  of  the  Permian 
and  Trias  "  lay  upon  me  the  burden  of  a  brief  reply.     I  may  say 
*  Dr.  Van  Geuns  discovered  it  in  a  riioceue  bed  uoax  'S^^rav!c^« 


660  JRev.  A.  Irving— Reply  to  Prof.  EuU. 

that  Pro£.  Hull  seems  to  suppose  that  the  task  which  I  had  set  my- 
self was  more  ambitious  in  its  scope  and  aim  than  I  was  conscioos 
of ;   it  was  not  my  purpose  "  to  review  the  whole  question  of  the 
relations  of  British  Permian  and  Trias"  in  a  paper  which  was 
limited  by  its  title  to  the  European  rocks,  and  from  which  these 
systems  in  other  parts  of  the  world  were  intentionally  omitted. 
My  idea  was  rather  to  give  to  readers  of  the  Gbol.  Mao.  an  oppor- 
tunity of  forming  some  judgment  on  the  results  which  might  be 
fairly  gathered  from  a  digest  of  the  opinions  collected  from  the 
various  members  of  the  "  Sub-Committee  on  Permian  and  Trias," 
taken  along  with  the  information  which  exists  in  the  literature  of 
this  subject  in  England  and  on  the  Continent,  more  especially  in 
Germany ;  and  to  raise  discussion  thereupon  befora  the  assembly 
of  the  Berlin  Congress  in  1884^    My  starting-point  in  this  investiga- 
tion was  the  elaborate  table  of  the  Permian  and  Triassic  rocks  of 
England  and  the  Continent,  which  Professor  Hull  himself  was  good 
enough  to  send  in  to  the  Committee,  before  the  duty  was  entrusted 
to  me,  in  conjunction  with  Mr.  De  Banco,  of  doing  tho  work  of 
'  Beporters '  of  the  Sub-Committee.     I  had  read  and  seen  enough  of 
Continental  geology  to  perceivo  at  once  how  inadequately  Professor 
Hull  had  represented  that  side  of  the  question  in  his  table ;  and  it 
was  with  much  surprise  that  I  found  so  high  an  autliority  giving 
a    i-eference    (and  liis    only   reference)    for    information    on    tlio 
Muschelkalk  Formation   to  a   statement  contained    in   about   half 
a  dozen  lines  of  Do   la  Bcche's   Manual  of  Geology,  more   than 
fifty  years  old.     It  was  somewhat  incomprehensible  to  nie  that  he 
should  go  back  so  far  for  information,  and  thereby  ignoi*e  the  labours 
of  a  whole  generation  of  such  workers  as  the  two  Credners,  Quens- 
tedt,  von  Ilauer,  Giimbel,  Zittel,  Geinitz,  and  a  host  of   others, 
*  men  of  renown '  wherever  these  formations  are  intelligently  studied. 
Here  I  nia}*^  be  permitted  to  thank  Prof.  Hull  for  the  great  services 
which  his  otherwise  copious  list  of  references  has  rendered  to  me; 
I  assure  him  that  I  have  worked  them  out  carefully  and  honestly, 
and  that  had  he  been  good  enough  to  add  to  them  a  reference  to  the 
"  Survey  Memoirs  of  South  Lancashire  Coalfield,  etc.,"  these  too 
would  have  been  carefully  studied.     As  it  is,  I  must  confess  that 
I  have  overlooked  them,  though  it  still  remains  possible  for  me  to 
consult  them.     This  point  therefore  I  must  beg  to  waive  for  the 
present. 

Had  I  started  in  the  investigation  committed  to  any  very  definitely 
expressed  opinions,  it  might  have  been  suspected  by  some,  who 
shirked  the  trouble  of  following  mo  in  wading  through  the  mass  of 
literature  which  I  have  had  to  consult,  that  I  was  not  quite  proof 
against  the  temptation  to  twist  things  to  answer  my  own  ends.  But 
apaVt  from  the  folly  of  such  a  course,  when  the  literature  of  the  sub- 
ject is  open  to  the  whole  world  of  critics,  it  may  suffice,  in  order  to 
allay  even  Prof.  Hull's  suspicions,  to  mention  that  at  the  outset  I 
was  certiiinly  far  more  inclined  (in  common  with  several  geologists 
of  no  mean  standing)  to  think  much  less  of  the  distinction  between 
Permian  and  Trias  than  the  investigation  of  the  subject  has  led  me 
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to  do,  as  any  impartial  and  unprejudiced  reader  of  my  paper  can  see 
for  himself.  I  can  assure  Prof.  Hull  that  I  did  not  hegin  with  any 
dire  design  of  smashing  to  pieces  the  beautiful  tripod  image  of  a 
"Palsaozoio  Trias/'  which  the  great  Murchison  set  up  for  the  vene- 
ration of  geologists,  and  for  which  the  learned  Professor  seems  to 
have  a  lingering  afifection ;  the  conviction,  not  only  of  its  meaning- 
lessness,  but  of  its  mischievous  fertility  in  confusion  of  ideas,  grew 
upon  me  gradually  as  I  went  on  with  the  subject.  As  it  is,  one 
cannot  fail  to  read  with  some  satisfaction  Prof.  Hull's  own  admission 
that  he  is  "  almost  inclined  to  concur  that  there  is  but  little  evidence 
to  support  the  view  of  a  threefold  division  of  the  Permian  beds "" 
(p.  493).     So  much  for  the  general  drift  of  my  paper. 

I  now  come  to  matters  more  of  detail  which  Professor  Hull  has 
touched  upon.  In  the  first  place  he  says  that  I  *'  quote  his  name  as  a 
supporter  of  the  view  that  it  (t.e.  the  Sandstone  of  the  Vale  of  Eden) 
is  of  Permian  age."  My  reply  is  that  I  "have  not  quoted  Frof.  UuWa 
name  in  this  way  ;  nor  do  I  fear  to  challenge  him  to  show  a  single 
passage  in  my  paper  in  which  I  have  connected  his  name  directly 
with  the  "  Sandstone  of  the  Vale  of  Eden."  The  only  three  occasions 
in  which  his  name  is  mentioned  in  any  such  connexion  are  in  the 
two  paragraphs,  in  the  earlier  part  of  the  paper,  the  one  beginnings 
"  It  is  no  wonder  that  such  special  pleading  .  .  .  ,"  the  other,  "  In 
Siluria  there  is  much  vague  talk  .  . .  ."  In  these  three  cases  I  have 
been  studiously  guarded  in  the  use  of  language,  out  of  consideration 
both  for  Prof.  Hull's  susceptibilities  and  for  my  own  wish  to  put  things 
in  the  truest  possible  light.  Wliat  I  do  say  is  (a)  that  "  It  (i.e.  the 
triple  classification  of  the  Permian  System  as  put  forth  by  Murchison) 
was  adopted  by  Prof.  Hull  in  a  paper  read  by  him  before  the  Geo- 
logical Society  of  London,"  and  I  give  the  reference  to  this  paper, 
Q.J.G.S.  vol.  xiv.  This  statement  any  one  can  verify  therefore  for 
himself  by  a  simple  act  of  reference.  (&)  Nearly  a  page  further  on 
I  say,  "  The  classification  put  forward  by  Murchison  still  finds 
favour  in  some  quarters ;  and  quite  recently  so  high  an  authonty  as 
Prof.  Hull  has  proposed  it  for  the  acceptance  of  the  British  Com- 
mittee." Prof.  Hull  has  surely  been  caught  here  **  reading  the  spirit 
of  the  commentator  into  the  text."  The  readers  of  the  Gkol.  Mag. 
are  doubtless  capable  of  giving  to  language  its  natural  construction, 
and  will  hold  me  responsible  only  for  my  ipsiasima  verba,  not  for 
another  person's  version  of  my  statements.  On  this  latter  point  the 
question  therefore  narrows  itself  to  the  categorical  answer  to  be 
given  to  the  question  :  "  Did  Prof.  Hull,  or  did  he  not,  propose  the 
threefold  classification  (after  Murchison)  of  the  Permian  System  for 
the  acceptance  of  the  British  Committee  ?  "  * 

Prof.  Hull  states  "  that  the  evidence  (as  to  the  particular  horizon 
of  the  Sandstones  of  the  Vale  of  Eden  upon  which  Murchison  rested 
his  claim)  was  rather  of  an  inferential  and  indirect  nature ;"  and  so 


^  On  referrin 
St.  Bee*B  Head 
Penman." 


in?  to  the  origical  document  I  find  that  the  "Upper  Sandstone  of 
id  '  is  mentioned  expressly  by  Profetsor  Hull  as  a  part  of  the  **  Upper 
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far  be  admits  substantially  tbe  force  of  tbe  reasoning  adopted  bj 
Mr.  Goodchild,  to  wbicb  I  bave  referred  in  tbat  part  of  my  paper  in 
wbicb  Prof.  Hull's  name  occurs.  He  tben  goes  on  to  say  that  he  is 
quite  prepared  to  "  fall  back  upon  Prof.  Sedgwick's  views  as  soon  as 
the  officers  of  tbe  Geological  Survey  shall  bave  definitely  pronounced 
in  their  favour ;"  yet  in  the  sequel  he  does  not  hesitate  to  reject  the 
testimony  of  two  several  officers  (not  certainly  speaking  ex  eathedrd) 
of  that  much  respected  body  in  favour  of  such  views :  tbe  evidence 
of  two  others  (some  of  which  is  most  to  the  point)  be  ignores 
altogether. 

As  regards  the  joint  paper  of  Murcbison  and  Harkness  on  the 
Edenside  iXKjks,  what  Prof  Hull  urges  goes  certainly  to  show  Hark- 
ness's  modesty  in  surrendering  so  soon  the  views  be  bad  previously 
expressed.  Those  who  know  anything  of  the  contests  wbicb  Mur- 
cbison waged  with  Sedgwick  on  the  one  band,  and  with  M.  Jnles 
Marcou  on  tbe  other,  will  reserve  to  themselves  the  right  of  forming 
a  judgment  on  this  matter. 

Two  points  raised  by  Prof.  Hull  remain  to  be  specially  dealt  with: 

1.  Mr.  Strahan's  view,  which  has  been  summarized  in  tbe  Report 
of  the  Proceedings  of  Section  C.  of  the  British  Association,  1881. 
Will  Professor  Hull  be  good  enough  to  show  by  reference  to  this 
how  I  have  misrepresented  Mr.  Strahan  ?  If  be  cannot  show  this, 
the  quarrel  remains  with  Mr.  Strahan,  who,  I  dare  say,  can  take 
care  of  himself.  I  may  add  though,  that  I  was  present  at  the  meet- 
ing of  the  Section,  when  the  said  paper  was  read,  and  with  the 
sections  before  the  meeting  had  a  better  opportunity  of  judging  of 
the  paper  than  the  mere  summary  of  it  affords.  It  is  a  pity  that 
Prof.  Hull,  who  was  then  in  York,  should  not  have  refuted  Mr. 
Strahan's  arguments  at  the  time.  Tlie  palseontological  evidence 
cited  by  Prof.  Hull  certainly  shows  the  presence  of  the  Magnesian 
Limestone  series  in  South  Lancashire,  which  no  one  ever  called  in 
question :  I  fail  utterly  to  see  how  Prof.  Hull  can  regard  the  strata 
which  furnish  such  evidence  as  the  "  equivalents  of  those  i-eferred  to 
by  ^Ir.  Strahan,"  without  at  the  same  time  surrendering  the  question 
of  those  latter  being  "  Upper  Permian." 

2.  ]n  a  footnote  Prof.  Hull  shows  himself  very  incredulous  of 
evidence  which  he  does  not  like.  I  presume  that  he  is  prepared  to 
allow  considerable  weight  to  any  views  which  Mr.  De  Banco  may 
express  on  the  Permian  strata  of  the  Lancashire  area ;  and  in  this 
note  he  is  indirectly  bearing  his  testimony  to  the  value  of  opinions 
from  such  a  quarter.  Whether  or  not  Prof.  Hull's  incredulity  may 
be  overcome,  I  know  not ;  though  he  could  easily  bave  obtained 
from  his  colleague  an  affirmation  or  a  denial  of  what  bad  been  at- 
tributed to  him  by  me,  if  he  had  cared  very  much  to  know  what  Mr. 
De  Ranee's  views  really  were.  At  any  rate  the  readers  of  tbe  Geol. 
Mag.  will  be  able  to  judge  for  themselves,  by  comparing  tbe  follow- 
ing literal  transcript  from  a  MS.  in  Mr.  De  Ranee's  own  hand- 
writing with  the  statement  made  in  my  paper : 
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Pbbmiaks  op  Lancabhibb. 
North  Zaneaahire.        Fumess  Abbey  and  Hawcoat. 
l^per  Permians.    fSt.  Bee's  Sandstones). 
Miadle  Permian.    Mag^iesian  Limestone  of  Stank  (Schizodns). 
Lower  Permian.      (Penrith  Sandstone^  absent.) 
ZancoiMre  FykU, 

Upper  Permian  ?    (Grarstang  Sandstones.) 
South'-  JFest  Lancashire. 

Upper  Permian.      (Absent.) 

Miadle       „  Magnesian  Limestone,  6  feet  at  Sldllaw  Clough. 

Lower  (  Marls,  80  feet, 

x^wer        , ,        ^  Sandstone,  40  feet. 
South  Lancashire, 

Middle  Permian.    Marls  and  Limestones  (Schizodns)  300  feet, 
f  (Gollyhnrst  Sandstones  300  feet  at  Manchester 

^^^        »>         \        thickening  north-east  to  1000  feet. 

Unconformity. 

It  is  obvious  that  I  could  not  give  a  reference  to  an  unpablished 
paper;  but  my  own  statement  was:  "He  (Mr.  De  H.)  considers 
the  '  Upper  Permian  *  of  the  Survey  to  be  wanting  in  South  Lan- 
cashiroy  and  is  doubtful  if  the  Garstang  Sandstones  ought  to  be  so 
considered.  Mr.  De  Ranee  also  considers  the  so-called  '  Upper 
Permian '  of  North  Lancashire  to  occupy  the  same  horizon  as  the 
St.  Bee's  Sandstone."     Further  comment  is  needless. 
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BOUBHOOD   OF   BIRMINGHAM.^ 

By  Chas.  Lapwobth,  F.G.S.,  etc., 
Professor  of  Geology  and  Mineralogy,  Mason  Science  College. 

THE  geology  of  the  neighbourhood  of  Birmingham  is  one  of  more 
than  ordinary  interest,  owing  to  the  great  vmety  of  geological 
formations  exposed  within  its  area.  Its  rocky  structure  was  investi- 
gated about  thirty  years  since  by  the  officers  of  the  Geological 
Survey  of  Great  Britain,  and  its  several  geological  formations  laid 
down  upon  their  maps,  and  described  in  detail  in  their  various 
explanatory  memoirs.  Some  of  these  publications — notably  the 
maps  and  descriptions  of  the  South  Staffordshire  Coalfield — have 
subsequently  become  classic  in  the  literature  of  G-eology.  Since 
these  publications  were  issued,  however,  the  science  of  Geology  has 
made  great  advances,  more  accurate  and  detailed  methods  of  research 
among  the  older  rocks  have  been  developed,  and  their  application  to 
the  study  of  the  strata  of  the  Birmingham  district  has  recently 
resulted  in  the  detection  of  several  most  interesting  facts  which 
escaped  the  notice  of  the  earlier  investigators. 

In  the  geological  history  of  the  Birmingham  district  three  grand 
historical  periods  have  long  been  recognized — the  deep-water  period 
of  the  Silurian,  the  Estuarine  period  of  the  Carboniferous,  and  the 
Continental  or  inland-lake  period  of  the  Permian  and  Triassic. 

The  oldest  strata  of  the  region  have  hitherto  been  supposed  to  be 
of  Upper  Silurian  age.    They  compose  the   rocks  of  the  Lower 

^  Beprinted  from  the  Proceedings  of  the  Birmingham  Philosophioal  Society, 
▼ol.  iii.  page  234. 
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Lickey  ridge,  which  extends  from  the  railway  station  at  Bamt 
Green  to  the  new  Asylum  near  Bubery.  These  rooks  consist  of 
quartzites  (or  intensely  hardened  sandstones),  and  are  largely 
quarried  for  road-metal,  for  which  their  intractable  character  pre- 
eminently fits  them.  They  were  supposed  by  Sir  Roderick  L 
Murchison  and  others  to  be  of  the  age  of  the  Llandovery  formation, 
which  forms  the  base  of  his  Upper  Silurian  system  (as  unquestionabld 
Llandovery  fossils  have  been  procured  in  abundance  from  what 
appeared  to  be  the  highest  beds  of  the  quartzites  at  Rubery  and 
elsewhere),  and  to  owe  their  present  indurated  character  to 
**  metamorphic  action." 

The  author,  who  first  studied  these  Lickey  quartzites  in  company 
with  Mr.  S.  Allport,  F.G.S.,  in  October,  1881,  felt  certain,  upon 
general  grounds,  that  they  were  of  pre-Llandovery  date  ;  and,  during 
the  discussion  which  followed  the  reading  of  Mr.  W.  J.  Harrison's 
paper  upon  the  "  Fossiliferous  Quartzites  of  the  Drift,"  read  at  the 
meeting  of  the  Birmingham  Philosophical  Soc,  Feb.  9, 1882,  expressed 
his  conviction  that  these  Lickey  quartzites  would  eventually  be 
demonstrated  to  be  of  pre-Silurian  age — that  the  local  Llandovery 
beds  would  be  found  to  overlie  them  un conformably,  and  to  owe  their 
superficial  resemblance  merely  to  the  fact  that  they  were  actually 
composed  of  the  reconstructed  debris  of  the  quartzite  itself.  This 
view  was  supported  by  Mr.  T.  S.  Houghton,  F.G.S.,  who  had 
visited  the  Rubery  section  some  years  previously,  and  felt  assured 
that  the  visible  phenomena  could  best  be  explained  upon  this 
suggested  hypothesis  of  an  unconformity. 

Early  in  ^larch  last  the  calculated  unconformity  between  the 
quartzite  and  the  Llandovery  was  detected  by  the  author  in  company 
with  bis  friend  Professor  Hill,  M.A.,  of  Mason  College,  and  abundant 
evidence  obtained  to  place  it  beyond  question  that  the  quartzites  lie 
unconformably  beneath  the  Silurian  rocks,  which  latter  are  made  up 
of  the  reconstructed  fragments  of  the  quartzites,  and  rest  upon  their 
eroded  edges.  A  short  account  of  these  phenomena  was  given  to  the 
public  in  the  Introductory  Lecture  of  the  author's  smnmer  course  of 
Local  Geology  delivered  at  Mason  College  on  April  25 th.  The  sarae 
facts  appear,  however,  to  have  been  detected  at  an  earlier  date  by 
Mr.  T.  S.  Houghton,  who  communicated  a  short  note  upon  tho 
subject  to  tho  meeting  of  this  Society  (''Note  on  tho  Age  of  the 
Quartzite  of  tho  Lickey,"  read  May  11th,  1882),  and  who  has  thus 
the  credit  of  being  the  first  to  break  ground  in  this  new  departure  in 
the  history  of  the  geology  of  the  Birmingham  district. 

Quartzites  resembling  those  of  the  Lickey  occur  in  great  force 
between  Nuneaton  and  Atherstone,  on  tho  eastern  flank  of  the  North 
Warwickshire  Coalfield,  where  they  have  been  mapped  by  the 
Geological  Survey  as  Millstone-grit,  and  it  was  believed  by  the 
author  that  these  also  would  prove  to  be  of  pre-Silurian  age.  On 
communicating  his  views  to  his  fnend,  Mr.  W.  J.  Harrison,  F.G.S., 
tho  author  found  that  he  also  had  arrived  at  the  sarae  conclusion,  and 
e'arly  in  May,  Mr.  Harrison  and  the  author  visited  the  Nuneatou 
quartzites  in  company,  and  leco^xiVL^dthe  general  identity  of  the  beds 
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with  the  Lickey  quartzites,  and  their  superiority  to  a  series  of  slaty 
and  igneoas  rocks  which  rise  out  below  the  Trias  of  the  neighbour- 
hood of  Caldeoote.  In  addition,  they  also  reached  the  conclusion 
that  the  so-called  Lower  Carboniferous  shales  of  Stockingford,  which 
OYerlie  the  quartzite,  would  be  found  to  be  also  pre-Silurian  in  age. 
The  truth  of  this  conclusion  was  demonstrated  by  the  author  the  day 
following,  by  the  discovery  of  Cambrian  ZingididcB,  and  subsequently 
by  the  detection  of  many  of  the  most  typical  Upper  Cambrian 
Brachiopoda  and  Trilobites  within  them, — identical  with  or  repre- 
sentatiye  of  the  well-known  species : — 

Aerotrtta  soeialU,  Linnrs.  Kutorgina  einffulatOf  Billings. 

Obolella  Salteriy  Dav.  Agnoattu  pisi/ormisj  Linn.  Far, 

ZitujfiUellu/erruginea,  Hicks.  LinguleUa  NiehoUonit  Callawaj. 

Within  the  same  week  Mr.  Harrison  detected  similar  Cambrian 
shales  upon  the  opposite  side  of  the  East  Warwickshire  Coalfield, 
in  the  neighbourhood  of  Dost  Hill,  and  elsewhere. 

The  finest  exhibition  of  these  Cambrian  rocks  is  that  a£forded  by 
the  Nuneaton  sections.  Here  our  investigations  show  that  a  range 
of  country,  ten  or  twelve  miles  in  length  by  two  miles  in  wid&, 
is  occupied  by  rocks  of  Upper  Cambrian  age.  They  fall  into  two 
main  divisions — a  lower  division  of  thick-bedded  quartzite  (Hartshill 
quartzite),  possibly  1,000  feet  in  thickness,  and  an  upper  division  of 
red,  grey,  and  black  shales,  with  abundant  intrusions  of  homblendic 
trap,  and  having  an  apparent  thickness  of  nearly  2,000  feet. 

'jnie  lowest  zone  of  the  quartzite  is  a  coarse  breccia,  made  up  of 
fragments  of  red  and  green  felspathic  rocks,  slaty  shales,  and  various 
quartz  porphyries.  These  have  apparently  been  derived  from  an 
older  series  of  igneous  and  altered  strata,  a  few  beds  of  which  may 
be  seen  rising  out  from  below  the  basal  quartz  ites  in  the  slopes  near 
Caldecote  House,  Nuneaton. 

The  upper  beds  of  the  quartzite  pass  up  by  gradual  intercalations 
of  argillaceous  matter  into  the  basement  zone  of  the  Stockingford 
Shales,  This  zone  consists  of  purple  mudstones  crowded  with 
examples  of  small  Brachiopoda  of  the  genera  LinguleUa  and  Obolella. 
The  higher  divisions  of  the  Stockingford  shales  are  grey  and  black 
mudstones,  filled  with  igneous  intrusions,  and  faulted  down  in  a 
long-curved  strike  fault  against  the  coal-bearing  beds  of  the  Upper 
Carboniferous. 

The  presumed  basement-beds  of  the  Lickey  quartzite,  as  laid  open 
along  the  road  between  Kubery  and  Barnt  Green,  show  included 
fragments  of  igneous  and  fragmentary  rock,  identical  with  those  of 
the  basement  beds  of  the  quartzite  of  Hartshill.  A  series  of  altered 
purple  and  green  felspathic  rocks — breccias,  and  sandy  shales — from 
which  these  may  possibly  have  been  derived,  has  been  detected  by 
the  author,  apparently  rising  out  from  below  the  Lickey  quartzites, 
at  the  southern  end  of  the  Lickey  ridge,  in  the  stream  near  Barnt 
Oreen  railway  station.  Similar  rocks  have  subsequently  been 
detected  at  several  neighbouring  spots  by  other  geologists — ^by 
Messrs.  T.  S.  Houghton,  F.  Martin,  and  Walcot  Gibson. 

How  these  old  pre-Cambrian  and  Cambrian  ridges  of  altered  and 
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unaltered  rocks,  which  we  have  thas  recently  disoovered,  stand 
related  to  the  remarkable  breccias  and  boulder  beds  of  the  Permian 
and  Trias  of  the  Birmingham  neighbourhood,  is  not  yet  fully  worked 
out.  That  they  are  overlain  upon  their  flanks  by  representatives  of 
all  the  subformations  of  the  Silurian,  as  developed  upon  the 
Malvems,  has  recently  been  determined  by  the  author  and  his 
students.  That  from  these  local  ridges  (many  of  which  are  now 
buried  from  sight  by  more  recent  accumulations),  and  not  from 
distant  Welsh  rocks,  the  supposed  Permian  glacial  boulders  might 
originally  have  been  derived,  may  now  be  suspected,  and  one  of  the 
most  vital  difficulties  in  the  interpretation  of  the  rocky  structure 
of  the  district  will  thus  disappear  from  sight.  That  they  afiforded 
the  majority  of  the  innumerable  quartzite  pebbles  found  in  the 
boulder-beds  of  the  Trias  of  the  Midlcmds  is  even  more  probable,  and 
thus  another  and  even  more  important  fact  becomes  naturally 
accounted  for. 

3SrOTICJE3S      0:E'      3^JE33S^0II&S- 

On  the   Structubk  op  the   Head  of  Abghjsoptkbyx.     By  W. 

Dames.^ 

THE  ArchoBopteryx  in  the  possession  of  the  Koyal  Mineralogical 
Museum  of  this  kingdom  [Prussia]  will  be  made  the  subject 
of  a  detailed  description  accompanied  by  figures.  By  uncovering 
some  bones  hitherto  imbedded  in  matrix,  a  better  knowledge  has 
been  gained  of  the  structure  of  the  head.  When  the  specimen  was 
acquired  for  this  collection,  the  skull  showed  on  its  exposed  right 
side  two  large  apertures.  The  posterior  hole,  situate  under  the  roof 
of  the  skull,  was  easily  identified  as  the  orbit  of  the  eye ;  a  view 
the  more  evident  since  the  cavity  contains  a  well-preserved  sclerotic 
ring,  which  is  formed  of  a  single  row  of  overlapping  scale-like,  bony 
plates,  as  in  so  many  living  birds.  The  anterior  edge  of  this  eye- 
cavity  is  formed  by  a  small  bone,  which,  turning  somewhat  back- 
wards, reaches  to  the  base  of  the  skull.  This  bone  is  now  regarded 
as  the  lachrymal.  It  forms  the  hinder  boundary  of  a  second  aperture 
which  is  large  and  of  rounded  triangular  i'onn.  In  the  middle  of 
this  cavity  lies  a  crushed  fragment  of  bono  which  has  no  natunil 
connexion  with  the  adjacent  parts  of  the  skull.  This  aperture  lias 
been  determined  as  the  nasal  cavity  by  Yogt  and  Marsh,  in  their 
accounts  of  the  head  of  Archceopteryx.  The  specimen,  however, 
shows  that  the  anterior  part  of  the  skull  then  laid  imbedded  in  the 
rock,  and  the  contour  of  the  head  has  only  been  shown  by  carefully 
clearing  away  the  matrix.  This  development  yields  the  remarkable 
result  that  in  front  of  the  opening  hitherto  considered  nasal,  lies  a 
third  opening  which  is  9mm.  long,  of  sharp  elliptical  form  and 
placed  oblique  to  the  long  axis  of  the  skull.  It  is  separated  pos- 
teriorly from  the  middle  opening  by  a  small  bony  bridge.     It  is 

*  Communicated  by  Herr  Ewald,  27  July,  1882,  to  the  Berlin  Academy.  Tnins- 
lated  by  Professor  II.  G.  iSeeky  from  a  separate  copy,  extracted  from  the 
Sitzun^berichte,  vol.  xxxviii.  p.  817.     1882. 
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bounded  above  and  in  front  by  a  very  thin  bone,  which  is  a  part  of 
the  premaxillary,  which  does  not  reach  the  extremity  of  the  sknlL 
In  front  of  it  lies  another  portion  which  is  about  4mm.  longer  which 
is  triangular,  equal-sided,  and  forms  the  end  of  the  beak. 

This  opening,  which  is  entirely  surrounded  by  the  premaxillary,  is 
affirmed  to  be  the  nasal  aperture.  By  its  discovery  the  resemblance 
of  the  skull  to  that  of  living  birds  is  shown  to  be  much  greater  than 
was  formerly  believed.  As  in  the  bird,  three  apertures  lie  on  the 
side  of  the  skulL  The  hinder  one  is  the  orbit ;  the  middle  one  is 
surrounded  by  the  lachrymal  behind  and  the  premaxillary  and  maxil- 
lary in  front  and  below ;  while  more  forward  is  the  nasal  aperture, 
entirely  in  the  premaxillary  bone.  Having  established  this  analogy 
with  living  birds,  the  study  of  other  parts  of  the  skull  becomes  much 
clearer.  Thus  the  crushed  portion  of  bone  in  the  middle  aperture  is 
seen  to  be  the  inner  ascending  process  of  the  maxillary  bone.  And 
a  longer  bone  running  back  to  the  base  of  the  skull  and  forward, 
beneath  the  orbit,  is  a  part  of  the  vomer.  Further,  the  quadrate 
bone,  though  not  clearly  determined  by  its  characteristic  form,  is 
recognized  by  its  position.  And  immediately  in  front  of  it  is  a 
small  bone  only  just  projecting  from  the  matrix  which  from  its 
position  can  only  be  the  pterygoid. 

There  is  little  preserved  of  the  roof  of  the  skull,  only  broken 
fragments  of  the  frontals,  and  the  brain  cavity  filled  up  with  cal- 
careous spar.  The  back  of  the  head  is  wanting.  A  further  result 
from  clearing  away  the  matrix  is  the  exposure  of  the  dentition. 
Two  small  teeth  standing  under  the  middle  opening  were  already 
visible  in  the  natural  exposure.  Besides  these  there  are  now  ten 
teeth  in  all  to  be  seen  in  the  jaw.  The  most  forward  is  about  2  mm. 
from  the  end  of  the  beak ;  yet  there  are  traces  that  one  or  two  teeth 
stood  in  advance  of  this,  so  that  the  dentition  reached  to  the  extremity 
of  the  beak.  The  teeth  are  about  one  mm.  long,  conical,  very  sharp, 
and  as  far  as  a  single  small  plaoe  with  well-preserved  upper  surface 
lets  one  see  it,  shining,  smooth,  and  without  perpendicular  furrows  or 
ridges.  The  interspace  between  the  separate  teeth  is  scarcely  1  mm. 
long.  Marsh  considered  that  the  teeth  were  limited  to  the  pre- 
maxillary bone,  since  the  last  occurred  under  the  nasal  opening. 
But  according  to  the  interpretation  now  brought  forward,  the 
aperture  formerly  termed  nasal  is  the  middle  hole  of  the  three  on 
the  side  of  the  skull,  and  it  is  considered  that  the  dentition  is  not 
limited  to  the  premaxillary,  but  also  extends  to  the  maxillary  bone, 
or  at  least  to  its  anterior  part.  Marsh  further  put  forward  the 
conjecture  that  the  teeth  were  placed  in  a  groove,  but  the  present 
examination  gives  no  support  to  that  view,  and  it  rather  appears 
that  every  tooth  stood  in  its  own  alveolus.  The  lower  jaw  is  still 
in  its  natural  position,  i.e.  in  its  union  with  the  quadrate  bone  with 
the  upper  margin  lying  close  to  the  skull  which  incloses  it  It  shows 
a  postarticular  process,  curved  behind  as  in  the  existing  genus  Anser, 
The  position  of  the  lower  jaw  as  well  as  the  closed  beak  prevents 
one  from  seeing  whether  the  lower  jaw  contained  teeth,  but  I  think, 
with  Marsh,  this  was  probable.     Under  the  lower  jaw  lies  a  portion 
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of  a  needle-sbaped  byoid  bone  comparable  to  tbat  of  living  birds  in 
its  entirely  similar  form.  Those  many  very  weighty  resemblanoes 
which  the  ArchcBopteryx  shows  to  the  form  of  skull  in  the  Pierth 
sauria  will  come  under  discussion  in  the  detailed  description.  In 
conclusion,  it  may  be  mentioned  that  the  excavation  of  the  shoulder 
girdle,  which  is  not  yet  finished,  on  further  investigation  may  prove 
that  the  portion  which  Vogt  considered  to  be  the  ooracoid  is  really 
matrix,  so  that  so  far  as  can  be  judged  from  its  preservation,  tlie 
form  of  the  shoulder  girdle  must  be  removed  from  things  known. 
And  it  has  yet  to  be  proved  whether  the  form  of  this  part  of  the 
tskeleton  will  support  the  relation  of  the  ArchoBopteryx  to  birds  or 
reptiles. 

I^  ES  "V"  I  ES  "VT"  S- 


)^ 


I. — Guide  to  the  Exhibition  Gallebixs  of  the  Departmest 
OF  Geology  and  Faijeontoloot,  British  Museum  (Natural 
History),  Cromwell  Boad,  South  Kensington.  8vo.  66  pages. 
Witli  a  Plan,  and  31  Woodcuts.  Printed  by  Order  of  the 
Trustees.     (London,  October,  1882.     Price  threepence.) 

THE  Galleries  containing  the  Mammalian  and  Beptilian  remains 
having  been  completely  arranged,  and  most  of  those  set  aside 
for  the  fossil  Fishes,  Molluscs,  Crustaceans,  etc.,  having  received 
their  pala3ontological  treasures,  though  not  yet  in  every  case  fully 
developed,  the  Trustees  of  the  British  Museum  have  without  delay 
published  their  first  illustrated  Guide  for  the  use  of  both  scientist 
and  amateur,  as  well  as  for  the  general  public,  desirous  of  knowing 
what  these  things  are, — how  they  bear  on  the  notions  and  thoughts 
of  to-day, — and  how  far  Nature  to-day  resembles  herself  in  the  Past. 
Much  valuable  and  precise  infonuation  is  given  in  a  condensed 
form  in  this  "  Guide,"  especially  about  the  higher  Vertebrates,  with 
numerous  good  woodcuts.  Several  of  these  are  original,  and  others 
have  been  borrowed  from  first-class  books.  The  classification  of  the 
animals,  vertebrate  and  invertebrate,  and  their  distribution  in  time 
and  space,  are  points  well  kept  in  view  ;  and,  except  that  the  special 
notice  of  the  Corals,  Sponges,  and  some  other  low  or  simple  animals, 
which  have  not  yet  been  arranged  in  their  cases,  is  postponed  for  the 
present,  both  student  and  general  observer  will  find  this  **  Guide  "  a 
useful  little  manual  for  practical,  and  to  a  great  degree  for  philo- 
sophical zoology  recent  and  fossil  (pala3ontology).  J. 

II. — The   Geological   Chart.      By    John   Morris,  M.A.,   F.G.S., 

Emeritus  Professor  of  Geology  and    Mineralogy  in   University 

College,  London.     New  and  Enlarged  Edition.  Large  Sheet 
(Reynolds  and  Son,  Strand,  London.) 

THE  Chart,  originating  many  years  ago,  has  been  revised  and 
improved  from  time  to  time,  keeping  up  with  the  progress  of 
geological  knowledge,  and  thus  enabling  the  Student  and  the 
Amateur  to  catch  at  a  glance  the  main  points  and  chief  features  of 
Mb  subject.     In  the  present  edition  the  proposed  recognition  of  the 
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Oligocene  formation  in  the  Isle  of  Wight,  and  the  probability  of  the 
Bovey  beds  being  of  Eocene  age,  are  not  lost  sight  of.  There  is, 
however,  some  obscurity  about  the  bracketted  equivalent  for  the 
Wooltoiclk  and  Beading  beds.  The  localities  for  the  equivalent  of  the 
Maestricht  Chalk,  or  "  Danian  "  formation,  are  not  clearly  printed. 
The  Neocomian  including  the  Wealden  formation  is  carefully  indicated ; 
but  the  *'  Horsham  Stone  "  is  set  with  the  "  Hastings  Sands,"  instead 
of  with  the  "  Weald  Clay,"  as  determined  by  the  "  Survey."  The 
older  groups  of  formations  are  all  carefully  noted  in  their  order,  and 
as  clearly  as  possible  for  the  student  in  his  preliminary  studies.  For 
the  "Lower  Oolite"  and  the  "Carboniferous,"  collateral  groupings 
are  given  for  special  regions.  The  Archssan  strata  are  not  neglected, 
Dr.  Hicks's  "  Pebidian  "  and  "  Dimetian  "  being  placed  in  due  order, 
and  his  '*  Arvonian  "  noticed  in  a  side  entry.  We  wish  that  PalcBO' 
pyge  Uamsayi  had  not  been  left  out  of  the  Longmynd  fossils,  for  it  is 
good  and  historical ;  whilst  the  Oldhamian  markings,  that  are  noticed, 
are  doubtfully  organic ;  and  a  better  amphibian  than  the  questioned 
Parahatracliue  might  have  been  entered  for  the  **  Carboniferous." 

But  such  weaknesses  are  few,  after  a  careful  examination,  and 
probably  all  that  there  are,  for  the  author  of  the  Table  is  a  consum- 
mate master  of  his  science,  and  knows  fossils  as  only  a  complete 
palaeontologist  can  know  them.  His  knowledge  also  of  the  range 
of  the  fossiliferous  and  other  strata  throughout  the  land  is  not  only 
extensive,  but  minute  as  to  details,  as  shown  in  some  of  the  columns 
of  this  Table,  which  gives  as  much  information  in  a  condensed  form, 
as  to  the  range  and  economic  value  of  strata  and  other  rocks,  as  many 
a  book,  pretentious  in  character,  can  yield. 

The  constituents  of  the  metamorphic  and  igneous  rocks  are  noticed 
in  general  terms,  useful  to  the  student ;  but  we  fear  many  will  be 
somewhat  puzzled  by  the  description  given  of  "  granite "  and 
**  syenite  "  after  some  German  lithologists,  rather  than  according  to 
the  old-fashioned  plan  of  English  works.  The  igneous  origin  of  the 
serpentine  of  the  Lizard  is  not  insisted  on,  as  we  should  have 
expected  it  to  have  been.  These  are  but  few,  and  easily  explained, 
points  of  weakness ;  and  we  have  only  further  to  remark  as  critics 
that  a  little  more  care  in  the  printer's  work  as  to  punctuation,  etc. 
(there  are  very  few  actual  misprints),  would  have  made  some  passages 
rather  clearer. 

The  columns  (or  rather  two  halves  of  a  long  column)  on  the  sides 
of  the  Table  exhibit  the  proportionate  thickness  of  the  several  groups 
of  formations,  by  the  relative  space  given  for  each,  with  its  depth  in 
figures  ;  and  this  is  made  the  more  clear  and  conspicuous  by  appro- 
priate tints  for  several  lengths,  corresponding  with  the  colours  given 
to  the  formations  themselves  in  the  body  of  the  Table. 

Showing  the  regular  foimations  in  their  succession,  their  principal 
fossils,  mineral  characters,  uses  in  the  Arts,  their  British  localities, 
and  relative  thicknesses,  this  Table  is  admirably  adapted  for  its 
purpose,  namely,  of  fixing  attention  upon  some  of  the  most  important 
points  in  geological  study  quickly  and  with  the  certainty  of  correct- 
ness. As  such,  we  have  great  pleasure  and  satisfaction  in  recom- 
mending it  to  the  public.  J-^ 
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in.  —  Ubbebsioht  ubeb  yiekumdzwanztg  mittkleubopIischs 
Quartab-Faunen  zusammbngestellt  und  lax  Bemsbkumgen 
YERSEHEN  voB  Dr.  Alfbed  Nehbinq,  Professor  a.  d.  KonigL  land- 
wirthsch.  Hochschule  in  Belin.  (Abdruck  a.  d.  Zeitschrift  d. 
Deutscben  geolog.  Gesellscbaft,  Jabrg.  1880.)     [Review  of  the 

QUATEBNABY    FaUMA    FBOM   24   LOCALITIES    IN    MIDDLE    EuBOPE, 

WITH  Bemabks  thebeon,  by  Dr.  Alfbed  Nehbing.  (Extracted 
from  tbe  Journal  of  tbe  German  Geological  Society,  1880.) 
8yo.  pp.  41.] 

THE  autbor*8  aim  in  ibis  paper  is  to  present  in  a  condensed  form 
tbe  results  of  researcbes  made  by  bimself  and  otber  investi- 
gators into  tbe  Quaternary  fauna  of  Germany  and  the  adjoining 
countries  of  Central  Europe.  Many  of  tbe  observations  bave  been 
already  published  in  tbe  proceedings  of  various  scientific  societies, 
but,  as  it  often  happens  that  these  are  not  readily  obtainable  by  the 
student,  a  resume,  showing  tbe  present  knowledge  of  this  subject^  is 
extremely  useful. 

The  paper  contains  a  list  of  tbe  Mammalie^  Birds,  Beptiles, 
Amphibians,  Fishes,  and  Shells,  which  have  been  discovered  in 
caves,  rock-fissures,  and  diluvial  clay  and  Loess,  in  tbe  following 
localities  : — (1)  Tbiede,  near  Wolfenbiittel ;  (2)  We8tre<;eln,  near 
Magdeburg;  (3)  Seveckenberg,  near  Quedlinberg;  (4)  Sudmerber^j:, 
near  Goslar;  (5)  The  Lindenthaler  llya?na-cave,  near  Gera ;  ((>) 
The  Dwarf's  Hole,  near  Pottenstein  in  Franconia ;  (7)  Hoescli's 
Cave  ;  and  (8)  The  Elizabeth  Cave  in  Arlsbachtbal,  Ijpper  Fran- 
conia;  (9)  A  Bone  Cave,  near  Ojcow  in  Russian  Poland;  (10)  A 
Cavo  on  the  Novi  Mountain,  6000  feet  above  the  sea-level,  in  Tatra, 
Hun_ii!;iiry ;  (11)  Nussdorf,  near  Vienna  ;  (12)  Zuzlawitz,  near  Win- 
terberg;  (13)  The  Kobbers' Cave,  between  Nurnberg  and  Kegens- 
burg;  (14)  The  Ofnet  in  Ries  ;  (15)  The  Hollow  Rock  in  Acbthal, 
near  Ulm ;  (16)  Fissures  in  the  Mohisse  at  Baltringen,  near 
Biberach ;  (17)  The  Thayinger  Cave,  near  Schaft'hausen ;  (18) 
LanjTjebnmn  on  the  Danube,  near  Sigmaringen ;  (19)  llio  Loess  of 
Wurzburg  ;  (20)  The  Fox-boles  at  the  Rothen  Berge,  near  Saalfekl; 
(21)  Steeten  on  the  Lahn ;  (22)  The  Unkelstein  at  Remagen  on  the 
Rhine;  (23)  The  Caves  of  Balve  in  Westphalia;  and  lastly  ^1\) 
The  Cave  of  Sureau,  near  Dinant  on  the  Meuse.  In  addition  to  the 
list  of  species  from  each  of  these  places,  short  descriptions  are 
appended  of  the  positions  in  which  the  fossils  occur,  and  reference 
made  to  the  various  authors  who  have  discovered  and  determined 
them,  and  to  the  public  and  private  collections  in  which  they  are  now 
preserved.  In  a  tabulated  list  of  the  most  inn)ortaut  of  the  fossil 
Vertebrata,  there  are  enumerated  71  species  of  Mammals,  7  species 
of  Birds  and  4  species  of  Batraehians  and  Fishes.  A  glance  at  this 
list  shows  that  the  fossils  met  with  in  these  Central  European  aives 
correspond  to  a  very  largo  extent  with  those  present  in  similar 
positions  in  this  country.  The  most  abundant  and  widely  distributed 
forms  are  the  Cave-Lion,  HyaMia,  Wolf,  Fox,  Arctic  Fox,  Cave-Bear, 
Weasel,  Water-Rat,  Lemming,  Hare,  Reindeer,  Ox,  Horse,  Rhino- 
ceros tichorhinus,  and  Ele^has  prlmtgenius.  The  smtJler  Insectivora, 
Garnfvora,  and  Rodents,  are  aW  N\eV\TQ^\^^^\i\fe^.  G.  J.  H. 
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Qeolooioal  Sooistt  of  London. 

November  1,  1882.— J.  W.  Hulke,  Esq.,  F.li.S.,  Prwdent,  in  the 
Chair. — The  following  communications  were  read  : — 

1.  "The  Homblendio  and  other  Schists  of  the  Lizard  District, 
with  some  Additional  Notes  on  the  Serpentine."  By  Prof.  T.  G. 
Bonney,  M.A.,  F.R.S.,  Sec.G.S. 

The  author  described  the  metamorphic  series,  chiefly  characterized 
by  homblendio  schist,  which  occupies  the  southern  portion  of  the 
Lizard  and  an  extensive  tract  to  the  north  of  the  serpentine  region, 
besides  some  more  limited  areas.  He  found  that  this  series  was 
separable  into  a  lower  or  micaceous  group — schists  with  various 
green  minerals  (often  a  variety  of  hornblende),  or  with  brownish 
mioa ;  a  middle  or  homblendio  group,  characterized  by  black  horn- 
blende ;  and  an  upper  or  granulitic  group,  characterized  by  bands 
of  quarts-felspar  rock,  often  resembling  in  appearance  a  vein-granite. 
These  are  all  highly  metamorphosed ;  yet  the  second  and  third  occa- 
sionally retain  to  a  remarkable  extent  indications  of  the  minuter 
bedding  structures,  such  as  alternating  lamination  and  current 
bedding  of  various  kinds.  They  form,  in  the  author's  opinion,  one 
continuous  series,  of  which  the  uppermost  is  the  thinnest.  The 
general  strike  of  the  series,  though  there  are  many  variations,  is 
either  N.W.  or  W.N.W. 

The  junctions  of  the  Palseozoic  with  the  metamorphic  series  at 
Polurrian  and  at  Porthalla  were  described.  These  are  undoubtedly 
faulted ;  and  the  two  rocks  differ  greatly,  tho  former  being  a  slate 
like  any  ordinary  Palseozoic  rock,  the  other  a  highly  metamorphosed 
schist  Moreover,  fragments  of  the  hornblende  schist  and  a  kind  of 
gneiss  occur  in  a  conglomerate  in  the  former,  S.  of  Nare  Point. 

The  author  considers  the  metamorphic  series  (the  microscopic 
structure  of  which  was  fully  described)  undoubtedly  ArohsBan,  and 
probably  rather  early  in  that  division.  The  rocks  of  the  micaceous 
group  have  considerable  resemblance  to  the  greenish  and  lead- 
coloured  schists  of  Holyhead  Island  and  the  adjoining  mainland  of 
Anglesey,  and  of  the  Menai  Strait. 

Two  outlying  areas  of  serpentine,  omitted  in  his  former  paper, 
were  described — one  at  Polkerris,  the  other  at  Porthalla.  The  latter 
shows  excellent  junctions,  and  is  clearly  intrusive  in  the  schist.  The 
author  stated  that  he  had  re-examined  a  large  part  of  the  district 
described  in  his  former  paper,  and  had  obtained  additional  evidence 
of  the  intrusion  of  the  serpentine  into  the  sedimentary  rock  with 
which  it  is  associated.  This  evidence  is  of  so  strong  a  nature  that 
he  could  not  conceive  the  possibility  of  any  one  who  would  carefully 
examine  the  district  for  himself  entertaining  a  doubt  upon  the 
matter. 

2.  "  Notes  on  some  Upper  Jurassic  Astrorhizidaa  and  Lituolidaj." 
By  Dr.  Rudolf  Hiiusler,  F.G.S. 

The  Arenaceous  Foraminifera  obtained  by  the  author  are  chiefly 
from  the  zones  of  Ammonites  transveraarius  and  A.  himammalus  in 
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the  Upper  Jura  of  the  Aargau ;  and  from  the  whole  Swiss  Jurassio 
formation  he  has  determined  about  sixty  species,  including  the 
TextularidsB.     They  belong  to  the  genera : — 

P8ammo»pk€dr(t,  Beophax,  Webhina, 

Aatrorhiza,  Baplophragmium*  Thurammina, 

Jthabdammina^  Mapioatiehe.  Textularia  {PUcamuwC^, 

Marsipella,  Flaeopnlina,  Bigmerina, 

JTf/perammina,  Troehammina,  Vahuiina. 

Zituola,  Hormoiina, 

A  few  species  are' identical  with  Carboniferous  or  Permian  forms; 
but  most  of  them  most  nearly  approach  recent  deep-sea  species  and 
varieties,  although  similar  forms  do  not  occur  in  the  younger  for- 
mations. The  species  described  in  the  present  paper  are  from  the 
zone  of  Amm.  tranaveraariuSj  and  are  as  follows: — PsammosphcBra 
fusca,  Schultze,  Hyperammina  vagans,  Brady,  Beophax  mtdtUoad^iris, 
sp.n.,  B.  helvettcaj  Hiiusl.,  B.  scorpiurua,  Montf.,  Placopsilina  arencuxa, 
d'Orb.,  Thurammina  papillata,  Brady,  and  T,  hemispharica,  sp.n. 
Most  of  the  recent  genera  of  Astrorhizidas  and  Lituolidae  would  seem 
to  have  been  represented  by  species  identical  with,  or  nearly  allied 
to,  those  now  existing,  at  the  time  of  deposition  of  the  beds  with 
Ammonites  transversarius. 
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» 

SUBMERGED  FORESTS  OX  THE  SUFFOLK  COAST. 

Sir, — In  1874-5,  whilst  the  river  Orwell  was  being  deepened, 
and  a  now  channel  cut,  a  bed  of  peat  was  discovered.  This  was 
carefully  examined  and  worked  by  myself  and  Mr.  Thos.  Miller, 
C.E.,  the  Ipswich  Dock  Engineer,  and  the  published  results  appear 
in  the  Eeport  of  the  British  Association  (Bristol)  Meeting,  1875. 
This  peat-bed  was  as  much  as  nine  feet  thick,  full  of  the  trunks  of 
trees,  and  from  it  we  obtained  several  grinders  of  the  Mammoth. 
It  was  traced  down  towards  Harwich  for  a  distance  of  six  miles, 
and,  at  the  time,  I  pointed  out  that  this  ancient  forest  could  only 
have  grown  when  the  land  stood  relatively  so  much  higher  than  the 
present  sea- level  that  the  bed  of  the  German  Ocean  must  have  been 
marshy  land,  probably  characterized  by  similar  extensive  shallow 
lakes  to  those  which  are  so  abundant  in  the  flat,  eastern  parts  of 
Norfolk,  where  they  are  known  as  **  Broads." 

Fishermen  off  the  Norfolk  and  Suffolk  coasts  frequently  bring  up 
lumps  of  peat  in  their  trawl  nets,  and  that  the  bed  of  the  German 
Ocean  off  these  parts  must  be  occupied  by  extensive  deposits  of  this 
kind  is  shown  by  the  unfailing  supplies.  Bones  and  teeth  of  Ele- 
phant, Ox,  Deer,  etc.,  are  strewn  over  the  area,  and  are  often  dredged 
up.  Those  who  are  acquainted  with  the  magnificent  collection  of 
these  remains  made  by  Mr.  Owles,  of  Great  Yarmouth/  nearly  all  of 
which  were  dredged  up  by  Yarmouth  fishermen,  will  be  prepared 
to  substantiate  the  statement  that  the  floor  of  the  German  Ocean  is 
occupied  by  extensive  post-glacial  deposits,  with  their  characteristic 

^  Now  preserved  in  tke  British  Museum  of  Natural  History. 
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oiganio  remains.  A  post-glacial  forest-bed  ooours  at  Holm  Scarf,  off 
the  Norfolk  Coast,  and  may  plainly  be  seen  at  low  water.  It  is  a  bed 
of  peat  in  which  trunks  of  trees  are  imbedded.  It  was  in  one  of 
these  trunks  that  Mr.  Edwards  found  a  flint  implement  sticking. 

Within  the  last  few  days  I  have  come  upon  the  remains  of  another 
submerged  forest  or  peat-bed  at  Bawdsey,  near  Felixstowe.  It  is 
only  visible  and  accessible  at  low-water  spring-tides,  and  even  then 
it  is  seen  sloping  down  into  the  sea.  The  cliffs  at  Bawdsey  are 
formed  of  London  Clay,  capped  by  Bed  Crag,  and  they  do  not  waste 
so  rapidly  as  many  other  parts  of  this  coast  The  London  Clay 
forms  the  bed  of  the  sea,  except  near  the  northern  side  of  the  estuary 
of  the  Deben.  There  we  find  the  peat-bed,  resting  directly  on  the 
London  Clay.  It  is  about  four  or  five  feet  thick  at  its  thickest  part, 
but  it  has  evidently  been  very  much  denuded,  and  is  now  merely  a 
relio  of  what  it  once  was.  Bemains  of  trees  are  not  plentiful  in  it 
and  tbe  peat  contains  an  abundance  of  fresh-water  and  marsh  plants, 
but  I  found  no  fresh- water  shells.  The  only. animal  remains  I  ob- 
tained are  the  upper  part  of  the  skull  and  horn-cores  of  Bos  longi^ 
firons,  but  I  was  told  that  bones  had  frequently  been  washed  out  of 
it.  Among  the  plants  a  species  of  Cyperus  was  abundant,  and 
Sphagnum  was  also  plentiful.  Indeed,  the  nature  of  the  peat-bed 
indicates  its  formation  under  just  such  marshy  conditions  as  geolo- 
gists have  assumed  the  bed  of  the  German  Ocean  to  have  been  in 
before  the  submergence  took  place  which  brought  the  sea-water 
over  it,  and  so  converted  England  into  an  island. 

The  discovery  of  this  remnant  of  a  once  extensive  peat-bed  un- 
covered only  in  part  even  at  extreme  low-water  spring-tides,  is 
therefore  interesting  as  confirming  the  geological  speculations  con- 
cerning the  old  marshy  plain  over  which  the  German  Ocean  now 
extends.  J.  E.  Tatlor. 

EEPLY  TO  MR.  ALFRED  TYLOR. 

Sir, — Mr.  Alfred  Tylor  complains  that  being  dissatisfied  with 
certain  views  of  some  prominent  geologists,  I  have  "  ready  a  theory 
of  my  own  to  meet  all  the  difficulties  of  the  student  of  Quaternary 
Geology."  My  role  I  am  afraid  is  much  more  humble.  It  is  true 
that  I  have  spent  much  time  in  trying  to  unravel  the  difficulties  of 
the  surface  beds  of  Western  Europe,  and  have  found,  as  Mr.  Tylor 
no  doubt  has.  that  almost  every  student  of  them  has  a  different 
theory.  It  is  true  also  that,  disagreeing  with  the  many  and  contra- 
dictory views  that  have  been  propounded,  I  have  tried  (I  hope  in 
deferential  language)  to  show  why  they  seem  incompetent  to  explain 
the  facts,  and  having  done  so  have  propounded  another  view  ;  but  I 
neither  claim  for  this  conclusion  that  it  explains  all  possible  diffi- 
culties, nor  that  it  is  necessarily  a  final  view.  I  do  not  believe  in 
final  views  in  Science.  Every  one  of  us  is  as  a  fly  on  a  plate  in 
view  of  the  advancing  tide  of  Knowledge,  and  we  can  do  no  more 
than  frame  an  hypothesis  that  shall  meet  the  facts  accumulated  up 
to  the  time  when  we  write.  To-morrow  a  child  may  find  a  fresh 
fact  which  will  not  fit  our  theory.     That  theory  must  thereupon  go 
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under ;  but  it  will  have  done  its  work.  All  I  claim  to  bave  done  is 
to  bave  framed  an  bypotbesis  wbicb  will  meet  all  tbe  facts  known 
to  me.  I  bave  not  sbirked  or  wilfully  evaded  any,  and  I  liope  I 
have  accumulated  a  very  considerable  number  as  tbe  basis  of  every 
step  in  tbe  argument.  Furtber,  tbe  position  I  am  fighting  for  is 
only  partially  mine.  I  bave  merely  tried  to  extend  to  aU  the  beds 
wbicb  are  confessedly  on  tbe  same  horizon,  however  different  in 
texture,  an  explanatory  cause  which  such  great  authorities  as  Mur- 
cbison,  Belgrand,  and  Prestwich,  bave  agreed  in  assigning  to  par- 
iieular  cases,  and  to  show  that  tbe  evidence  is  convergent  and  cumu- 
lative. If  I  bave  misstated  or  misread  facts,  there  is  nothing  will 
be  more  grateful  to  me  than  to  bave  my  slips  pointed  out ;  and  if  tbe 
position  is  shown  to  be  untenable,  it  will  be  surrendered  at  once,  for 
there  is  not  time  in  seventy  years,  which  is  our  portion  here,  to 
fight  for  prestige.  Of  course  when  we  take  a  new  departure  we 
must  adopt  tbe  position  of  Isbmael.  We  are  bound  to  struggle  with 
those  who  already  monopolize  tbe  ground,  and  I  know  of  few  better 
examples  to  point  tbe  moral  than  Mr.  Tylor  himself.  He  has  defended 
bis  Pluvial  period  with  ingenuity  and  skill.  He  has  written  about 
it  in  a  way  wbicb  has  been  a  delight  to  myself  to  read,  and  although 
he  has  not  convinced  many  people  that  he  is  right,  be  has  not  done 
the  cause  of  science  any  tlio  less  good  service  by  presenting  certain 
neglected  asi)ects  of  a  difficult  problem  in  a  striking  light.  Mr.  Tyler's 
second  and  third  paragraphs  1  do  not  quite  understand  tbe  apposite- 
ness  of.  In  answer  to  his  arguments  that  the  denuding  influence  of 
a  river  upon  its  channel  increases  many  fold  with  the  increase  of  its 
water,  I  urged  that  this  does  not  follow,  because  the  motion  of  a 
river,  especially  of  a  deep  full  river,  is  largely  limited  to  the  upper 
and  central  portions  of  its  current,  that  it  decreases  as  we  get  nearer 
the  bottom,  while  that  portion  in  contact  with  its  channel  is  nearly 
quiescent.  Do  1  understand  Mr.  Tylor  to  dispute  this  elementary 
hydrostatical  positi(^n,  which  is  not  a  theoretical  one,  but  has  been 
amply  proved  experimentally  by  a  succession  of  observers,  and 
especially  by  Defontaine  and  Kaucourt?  If  not,  I  do  not  understand 
tbe  drift  of  his  remarks.  I  may  add  by  the  way  that  I  have  found 
since  I  published  the  suggestion  that  the  quiescence  of  the  funda- 
mental layers  of  water  in  a  river  may  account  for  northern  rivers  so 
frequently  first  freezing  at  the  bottom,  that  the  same  suggestion  had 
been  previously  made,  unknown  to  me,  by  Arago,  and  I  willingly 
shelter  behind  his  rogis. 

Mr.  Tyler's  claim  to  have  suggested  as  early  as  1853  that  the 
crumpled  gravels  in  the  valleys  of  some  of  the  French  rivers  were 
produced  by  the  mouths  of  these  valleys  having  been  gorged  with 
ice,  is  quite  just ;  but  in  quoting  Mr.  Belt  I  was  looking  not  at  this 
local  fact,  but  at  the  important  theory  he  formulated  which  proposed 
to  explain  the  valle}'  terraces,  etc.,  as  lacustrine  deposits,  the  Euro- 
pean lake  being  embanked  and  pounded  back  by  ice. 

Dekbt  House,  Eccle3,  Manchester,  Henby  H.  Ho WORTH. 

Oetohcr,  1882. 
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THE  PERMIAN  AND  TRIAS. 

Sib,  — As  ray  name  has  been  alluded  to  by  the  Eev.  A.  Irving  and 
by  Prof.  Hull  in  reference  to  the  classification  of  these  beds  in 
Lancashire,  I  wish  to  point  out  that  the  former  is  correct  in  stating 
that  I  do  not  ascribe  the  Garstang  sandstones,  found  by  me  north  of 
Preston  in  1869,  to  "Upper  Permian  Age,"  but  if  he  imagines  I 
correlate  them  with  the  Trias,  he  is  certainly  in  error,  as  I  have 
always  considered  them  the  equivalents  of  the  Colly  hurst  (Lower 
Permian)  Sandstones  of  Manchester,  and  so  described  them  in  1877.^ 
No  one,  who  has  examined  the  country  between  Bedford  Leigh  and 
Manchester,  can  for  one  moment  doubt  the  correctness  of  the  two- 
fold division  of  the  Permian  in  that  area,  established  by  that  most 
able  field  geologist  Mr.  Binney,  and  afterwards  established  in  detail 
by  Prof.  Hull.  Boring  after  boring  has  been  made  in  this  district, 
and  the  classification  has  never  been  shaken ;  I  have  since  1868,  year 
by  year  examined  every  new  section  of  importance  in  Lancashire, 
and  since  the  establishment  of  the  Underground  Water  Committee  of 
the  British  Association  in  1874,  have  visited  every  important  boring 
whilst  in  progress,  and  I  consider  that  the  evidence  afforded  by  these 
sections  and  borings  establishes  tbe  conclusions  of  Messrs.  Binney 
and  Hull  to  be  founded  on  fact. 

1st.  There  is  good  evidence  of  the  Triassic  sandstones  overlapping 
the  various  Permian  beds,  and  occasionally  extending  beyond  them, 
as  between  Warrington  and  Liverpool,  as  pointed  out  by  me  in  1879. 

2nd.  In  the  Manchester  district  there  is  a  distinct  twofold  division 
of  the  Permian,  the  upper  portion  consisting  of  marls,  with  numerous 
beds  of  limestones,  and  the  lower  part  of  white,  red  and  variegated 
sandstones. 

3rd.  These  marls  increase  in  thickness  steadily  in  proceeding 
eastward  from  Manchester,  being  at  Worsley  131  feet  thick,  at  Ard- 
wick  Station  160,  at  Openshaw  Bore-hole  206,  while  still  further  to 
the  north-east  they  are  245  feet 

4th.  The  base  of  these  marls  are  generally  conglomeratic,  and 
rest  on  the  Lower  Permian  Sandstone.  This  was  well  seen  at  the 
Openshaw  boring,  which  was  visited  whilst  in  progress,  by  Mr. 
Binney,  and  by  myself;  the  lower  70  feet  of  these  marls  were  teem- 
ing with  fossils,  of  which  I  made  a  collection,  now  at  Jermyn  Street. 

6th.  The  Collyhurst  Sandstone  obeys  the  same  law,  of  westerly 
attenuation,  being  only  10  feet  at  Albert  Bridge,  250  feet  at  Colly- 
hurst, and  no  less  than  752  at  the  Openshaw  boring,  the  sandstone  in 
each  case  resting  unconformably  on  underlying  Coal-measures. 

6th.  In  the  Openshaw  boring,  the  details  of  which  have  been 
published  by  Mr.  Atherton,*  the  boring  was  continued  in  the  Coal- 
measures  to  a  depth  of  1300  feet,  passing  through  the  well-known 
Ardwick  series  of  Upper  Coal-measure  Limestone,  so  that  in  this 
boring  no  possibility  occui-s  of  the  Permian  Limestones  of  Upper 
Permian  age  being  confounded  with  the  Ardwick  Limestones. 

1  Report  of  Brit.  Assoc,  Third  Report  Underground  "Water  Committee. 
*  Trans.  Manchester  GeoL  Soc.  toi.  it.  1878. 
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7th.  In  the  Openshaw  boring,  the  Upper  Permian  beds  are  over- 
laid by  36  feet  of  true  Triassic  Banter  beds. 

8th.  Looking  to  the  westerly  attenuation  of  these  Permian  beds» 
there  is  no  matter  of  surprise  in  their  comparative  thickness  at 
Bedford  Leigh  and  Ashton,  and  their  absence  at  Winwick  and 
Famworth.  C.  E.  Dk  Range,  F.G.S., 

Assoc.  Inst.  C.£. 

THE  PERMIAN   AND   TRIAS. 

Sib, — Permit  me  to  reply  to  Professor  Hull's  remarks  in  your 
last  number  on  my  paper  on  the  so-called  Permian  Hocks  near  St 
Helens  (Geol.  Maq.  Dec.  IL  Vol.  VIH.  1881,  p.  433). 

In  this  paper  I  trace  the  range  of  these  unfossiliferous  rocks, 
showing  that  they  are  similar  to  the  Lower  Mottled  Sandstone  of 
the  neighbourhood,  and  that  they  thin  out  without  unconformity 
with  this  subdivision  of  the  Bunter  in  those  very  directions,  in 
which,  had  they  been  Permian  unconformably  overlapped,  they 
might  have  been  expected  to  develope.  They  are  thus  completely 
separated  from  those  rocks  which  are  referred  to  by  Professor  Hull 
as  containing  Permian  fossils  wherever  they  occur  along  the  border 
of  the  Coal-field,  and  as  being  unconformably  overlain  by  the  New 
Red  Sandstone.  On  these  grounds  I  ventured  to  doubt  the  correct- 
ness of  their  determination  as  Permian ;  Professor  Hull  merely 
repeats  bis  belief  in  its  correctness,  without  offering  any  explanation 
of  the  difficulties  which  arise  in  the  way  of  its  acceptance. 

I  also  defined  an  area  (including  the  village  of  Winwick)  in 
which  I  considered  Permian  to  be  absent.  Professor  Hull  refers 
to  a  shaft  at  Abmm,  in  which  these  rocks  have  been  proved,  as 
bein^  near  Winwick,  and  as  not  beinp;  described  by  me.  Abram  is 
nearly  six  miles  from  the  villaf^o  of  Winwick,  and  about  half  that 
distance  from  the  town  of  Wigan.  It  is  not  only  outside  the  area 
I  defined  as  being  devoid  of  Permian,  but  is  more  distant  than  tho 
Edgegreen  section,  to  which  I  alluded  for  the  purpose  of  showing 
the  nearest  known  occurrence  of  these  rocks. 

To  defend  myself  from  the  charge  of  presumption  in  forminj;  an 
opinion  opposed  to  that  of  the  late  Mr.  Binney  and  Professor  Hull, 
I  may  mention  that  since  Mr.  Binney 's  original  examination  of  this 
locality  and  Professor  Hull's  subsequent  survey,  when  a  brewer}^ 
well  and  a  quarry  were  tho  only  sources  of  information,  seven  shafts 
at  three  collieries  and  three  bore-holes  have  been  sunk,  all  throwing 
light  on  the  true  relations  of  these  rocks,  and  showing,  among  other 
points,  that  shales  equal  in  thickness  to  the  so-called  Pemiian  Marl 
of  St.  Helens  are  not  unknown  in  the  Lower  Mottled  Sandstone  of 
that  neif^hbonrhood.  My  visit  was  not  a  flying  one,  as  suggested  by 
Professor  Hull ;  my  repeated  examinations  of  the  district  resulted 
from  instructions,  officially  received,  to  make  a  detailed  survey  of 
the  whole  area  in  question.  A.  Strahan. 

Makket  Rasex,  Xov.  11,  1882. 
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